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FOREWORD 


Both  theoretical  and  experimental  research  at  SwRI  since  1961  have 
shown  that  the  Beverage  antenna  is  quite  useful  throughout  the  entire  high 
frequency  band  and  over  soils  of  relatively  high  conductivity.  It  has  also 
been  shown  that  the  antenna  is  within  that  class  of  antennas  often  described 
as  frequency  independent  with  an  endfire  unidirectional  radiation  pattern 
that  is  aperiodically  maintained  throughout  the  1  to  30-MHz  frequency  range. 
Furthermore,  it  is  particularly  useful  as  a  low  cost  element  for  circular 
wide  aperture  high  frequency  direction  finding  arrays. 

Contract  NObsr-89345  between  the  Navy  Department  Electronics 
System  Command  and  SwRI  became  effective  3  June  1963.  The  contract  as 
modified  terminated  30  June  1967.  Detailed  results  of  specific  areas  of 
research  concerning  the  use  of  the  Beverage  antenna  in  wide  aperture  high 
frequency  radio  direction  finding  have  been  presented  in  a  series  of  contract 
technical  reports  (Quarterly  interim  reports  1  -14). 

Initially,  funding  support  was  provided  by  the  U.S.  Navy;  however,  in 
October  1965,  the  contract  was  modified  to  include  support  by  the  U.S.  Army. 
The  research  objectives  were  expanded  to  meet  the  special  requirements  of 
the  U.S.  Army  which  were  initiated  under  a  separate  contract  DA  36-039- 
AMC  02346(E),  July  1963  through  June  1964. 

For  those  interested  in  detailed  discussions  of  the  research  program, 
the  work  is  summarized  in  specific  interim  reports  (see  References  1  through 
6  of  List  of  References  this  report)  and  this  the  final  report  under  Contract 
NObsr-89345  which  is  divided  into  two  volumes:  Volume  I  describing  the 
research  and  development  and  Volume  II  describing  bearing  accuracy  tests. 

The  engineering  assistance  of  D.  N.  Travers,  Dr.  G.  B.  Walker, 

C.  Dodge,  W.  M.  Sherrill,  R.  Lorenz,  M.  P.  Castles,  T.  C.  Green, 

R.  B.  Wangler,  S.  H.  Hixon,  and  D.  R.  Saathoff  during  the  life  of  this 
contract  is  acknowledged. 
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ABSTRACT 


Four  years  of  research  and  development  concerning  the  use  of  the 
Beverage  antenna  for  high  frequency  radio  direction  finding  are  summarized 
in  this  two-volume  final  report.  Volume  I  concerns  all  design  details. 

Bearing  accuracy  tests  on  several  configurations  of  circular  arrays  of 
75-meter  long  elements  are  described  in  Volume  II. 

A  computer  programmed  general  theory  of  the  Beverage  antenna  has 
been  completed  to  calculate  azimuth  and  elevation  element  and  array  patterns 
as  a  function  of  antenna  length,  height  above  ground,  array  size,  frequency, 
earth  constants,  phasing  and  many  other  parameters.  Verifying  experi¬ 
mental  measurements  are  also  reported. 

The  development  of  a  Wullenweber-type  scan  digital  commutator  to 
permit  extreme  flexibility  in  arraying  of  any  number  of  Beverage  antennas 
with  any  array  spacing  has  been  completed.  The  present  digital  commuta¬ 
tor  design  has  demonstrated  reduction  in  switching  transients  below  system 
noise  levels,  good  element  to  element  isolation,  satisfactory  gain  in  each 
antenna  circuit,  and  predicted  array  gains.  Design  details  for  an  electronic 
digital  commutator  (no  rotating  parts)  have  been  completed.  The  present 
design  is  a  suitable  basis  for  control  and  programming  by  digital  computer 
in  a  real  time  adaptive  system. 

Research  results  have  shown  the  value  of  Beverage  antennas  as  a 
low  cost  element  in  wideband  circular  wide  aperture  HF  DF  arrays  over 
soils  of  relatively  either  low  or  high  conductivity.  The  antenna  is  essentially 
frequency  ’ndependent  with  an  endfire  unidirectional  aperiodic  pattern 
throughout  the  1  to  30-MHz  range.  The  input  impedance,  almost  totally 
resistive  and  uniformly  flat  over  the  frequency  range  of  interest,  can  be 
easily  transformed  to  any  standard  feed  cable  impedance  with  a  standing 
wave  ratio  of  less  than  1.25/1.  Antenna  dimensions  need  not  exceed  one 
wavelength  long  or  one  meter  above  ground.  For  a  fixed  size  array,  reduced 
beamwidth  and  increased  sensitivity  is  obtained  with  short  antennas  and  a 
large  feedpoint  radius  rather  than  long  antennas  with  a  short  feedpoint  radius. 

Evaluation  of  the  antenna  in  direction  finder  performance  using 
circular  arrays  including  simultaneous  comparison  with  an  AN/TRD-15 
Doppler  system  is  reported.  Bearing  accuracy  tests  show  performance 
comparable  to  the  AN/TRD-15  in  that,  at  times,  one  system  then  the  other 
exhibited  more  favorable  accuracy  performance.  Standard  deviations 
obtained  in  certain  samples  were  below  2°,  but  most  were  in  the  range  of 
2*  to  3°  with  a  few  higher  consistent  with  previous  reporting.  DF  bearing 
sensitivities  exceed  that  of  the  AN/TRD-15. 

Delivery  of  the  developed  transportable  Beverage  direction  finder  to 
the  U.  S.  Army  including  instruction  and  maintenance  manual  is  reported. 
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I.  PURPOSE 


Prior  investigation  by  SwRI  with  experimental  Beverage  arrays  has 
demonstrated  the  feasibility  of  design  construction  and  operation  of  a  low 
cost  DF  system  which  appears  to  have  a  bearing  accuracy  comparable  to 
that  obtainable  with  more  costly  wide  aperture  systems.  It  is  the  purpose 
of  this  research  contract  to  develop  an  experimental  land  based  wide  aperture 
high  frequency  radio  direction  finding  system  using  Beverage  antennas  to 
the  point  of  outlining  the  design  of  a  prototype  system.  It  is  the  further 
objective  of  the  program  to  design,  develop,  fabricate  and  furnish  an  experi¬ 
mental  model  of  a  Beverage  DF  and  intercept  system  in  sufficiently  complete 
form  (including  instruction  and  maintenance  manuals  and  spare  parts)  to 
permit  operational  evaluation  under  field  conditions. 
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II.  INTRODUCTION 


Contract  NObsr-89345  has  been  concerned  with  research  and  develop¬ 
ment  on  the  use  of  the  Beverage  antenna  in  wide  aperture  land  based  high 
frequency  radio  direction  finding.  The  work  was  a  continuation  of  the 
research  activities  begun  under  Contracts  NObsr-85364  and  DA  36-039-AMC- 
02346(E). 

The  primary  research  objectives  under  Contract  NObsr-89345  have 

been: 

(1)  Develop  a  general  theory  of  the  Beverage  antenna  suitable  for 
making  design  calculations  by  digital  computer. 

(2)  Calculate  antenna  and  array  response  patterns  in  both  azimuth 
and  elevation  planes  by  digital  computer. 

(3)  Continue  the  development  and  testing  of  improved  commutation 
techniques. 

(4)  Conduct  and  evaluate  the  performance  of  single  Beverage 
antenna  elements  and  arrays  of  elements  in  terms  of 
impedance,  sensitivity  and  direction  finder  patterns  as  a 
function  of  various  parameters  such  as  antenna  length  and 
height  above  ground,  array  size  (not  to  exceed  a  400 -meter 
diameter),  feed  point  location,  and  frequency. 

(5)  Conduct  bearing  accuracy  measurements  to  evaluate  direction 
finder  performance  as  a  function  of  the  parameters  noted  in 
Item(4).  Measurements  to  include  data  to  show  the  relative 
performance  of  the  Beverage  direction  finder  and  the  AN/TRD- 
15  Doppler  direction  finder. 

(6)  Design,  develop,  fabricate  and  furnish  a  transportable  experi¬ 
mental  model  of  a  Beverage  direction  finder  and  intercept 
system  in  sufficiently  complete  form,,  including  instruction 
and  maintenance  manuals  and  spare  parts,  to  permit  opera¬ 
tional  evaluation  of  developmental  findings  under  field  condi¬ 
tions. 

The  detailed  research  tasks  outlined  in  the  contract  statement  as 
modified  and  performed  over  the  life  of  the  contract  can  be  placed  in  one 
or  more  of  the  above  categories.  The  results  of  many  of  these  tasks  have 
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been  reported  in  specific  interim  reports  and  therefore  will  be  summarized 
in  this  the  final  report  only  to  the  extent  of  providing  a  background  to  those 
areas  of  research  not  heretofore  xeported  in  detail.*  Whenever  appropriate, 
references  will  be  made  to  a  specific  interim  report  that  describes  a  given 
research  task  in  detail. 

The  major  tasks  to  be  reported  are  within  Items  (4),  (5),  and  (6)  for 
75-meter  long  Beverage  elements.  Details  of  the  experimental  model 
[item  (6)]  are  discussed  in  an  instruction  manual  for  the  transportable 
system  reproduced  in  its  entirety  in  Appendix  I. 


"■Abstracts  of  all  interim  reports  for  Contracts  NObsr-85364,  NObsr-89345, 
and  DA  36-039>AMC-02346(E)  are  included  in  Appendix  II. 


III.  RESEARCH  ACTIVITIES 


A.  Development  of  a  General  Theory  for  the  Beverage  Antenna 

The  theoretical  analysis  has  evolved  from  simple  equations  suitable 
for  hand  calculations  through  severed  digital  computer  programs,  each 
allowing  more  parameter  variations  than  its  predecessor  until  the  present 
program  that  permits  the  use  of  any  number  of  elements  to  be  summed  or 
phased  under  a  variety  of  assumed  array  geometries. 

The  detailed  general  analysis  and  digital  computer  program  for 
deriving  the  dimensions  of  optimum  circular  arrays  of  Beverage  antennas 
for  HFDF  ’'ere  reported  in  March  1964  [4].  Modification  of  the  Beverage 
array  equations  to  enable  the  calculation  of  element  or  array  patterns  for 
antenna  feed  points  located  at  either  end  of  an  element  (inner  or  outer 
feeds )  and  array  patterns  obtained  by  combinations  of  inner  and  outer  feed 
points  was  reported  in  December  1964  [7]*. 

The  analysis  provides  both  groundwave  and  skywave  patterns.  For 
skywave  patterns,  the  polarization  of  the  incident  field  may  be  linear  or 
elliptical  (any  condition  between  vertical  and  horizontal  polarization).  The 
procedure  was  to  assume  independent  ground  and  skywave  components 
arriving  at  the  same  azimuth.  The  skywave  component  includes  both 
vertical  and  horizontal  polarization  components  which  may  be  specified 
independently.  The  total  field  strength  for  direct  and  reflected  arrays  is 
calculated  at  a  point  on  the  antenna  wire  with  phase  referred  to  the  origin. 
The  earth  constants  and  exact  reflection  coefficients  for  the  earth  for  both 
polarizations  are  retained  in  the  calculation  for  skywaves. 

Equations  are  derived  for  azimuth  and  elevation  patterns  for  any 
number  of  identical  antennas  in  a  circular  array  of  the  general  form  shown 
in  Figure  1.  Any  number  of  antennas  may  be  considered  spaced  in  any 
manner  and  summed  in  any  arbitrary  manner  with  or  without  phasing.  The 
antennas  may  be  of  any  length  and  any  height  above  ground  and  any  array 
size.  The  analysis  also  provides  the  calculation  of  antenna  impedance, 
antenna  line  constants,  effective  height  and  wave  tilt  angle.  It  is  also 

♦The  present  digita  computer  program  BEVARRAY -II(E)  is  written  for  the 
GE225  digital  computer.  Memory  limitations  permit  the  summation  of  no 
more  than  11  input  pairs  (phased  or  nonphased).  However,  a  new  program 
BEVANT-I,  written  in  Fortran  IV,  permitting  the  computation  of  any  array 
configuration,  has  been  completed  but  not  completely  debugged  at  this 
time. 
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„  jssible  to  use  sxperimentally  measured  values  of  these  parameters  in  the 
pattern  calculations. 

The  principal  variables  are  the  number  of  antennas,  the  manner 
of  summing,  and  phasing,  antenna  spacing  geometry,  antenna  location, 
overall  array  size,  antenna  length  and  height  above  ground,  earth  conduc¬ 
tivity  and  dielectric  constant,  frequency  and  polarization  of  the  incident 
signal. 


The  theoretical  equations  are  quite  general  in  the  high  frequency 
range,  the  only  significant  limitations  (caused  by  mathematical  difficulties) 
being  neglect  of  mismatch  in  the  termination  impedance,  and  the  necessity 
of  assuming  an  average  or  high  earth  conductivity  in  order  to  obtain  accurate 
results. 

B.  Theoretical  and  Measured  Antenna  Parameteis 


Most  theoretical  calculations  and  experimental  measurements  of 
Beverage  antenna  performance  have  been  presented  at  intervals  in  past 
reports  [2,5,8].  The  antenna  characteristics  and  terminal  impedance  of 
a  single  Beverage  antenna  have  been  experimentally  measun  d  by  three 
techniques: 

(1)  Admittance  bridge  on  an  open  and  short  circuited  transmiss ion 
line. 

(2)  Admittance  bridge  at  the  antenna  terminals  with  the  line  resis- 
tively  terminated  in  its  characteristic  impedance  at  the  far  end. 

(3)  Swept  frequency  VSWR  measurements  through  an  impedance 
transformer  at  the  antenna  terminals  with  the  antenna  resis- 
tively  terminated  at  the  far  end. 

The  theoretical  and  experimental  effects  of  changes  in  antenna  length, 
height  above  ground,  and  ground  conductivity  (as  a  function  of  frequency) 
on  various  Beverage  antenna  parameters  are  shown  again  in  Figures  2  through 
4.  The  measured  attenuation  constants  and  velocity  ratios  of  Figures  2  and  3 
were  calculated  from  open  and  short  circuit  admittance  measurements,  while 
the  input  impedance  of  Figure  4  was  calculated  from  measurements  by  the 
second  technique.  The  theoretical  attenuation  constants,  velocity  ratios 
(ratio  of  the  velocity  of  propagation  on  the  Beverage  wire  to  wave  propaga¬ 
tion  velocity  in  free  space)  and  impedance  were  calculated  for  measured 
values  of  ground  conductivity  (<r  =  0.03  mho/meter)  and  dielectric  constant 
(c  =  12)  found  at  Southwest  Research  Institute. 
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FIGURE  2.  CALCULATED  AND  MEASURED  ATTENUATION  CONSTANTS  FO 
SINGLE  BEVERAGE  ANTENNA  AT  SEVERAL  HEIGHTS  ABOVE  GROUND 
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FIGURE  4.  IMPEDANCE  VS  FREQUENCY  OF 
SINGLE  BEVERAGE  ANTENNA 


The  VSWR  technique  is  by  far  a  more  convenient  method  to  apply. 
Useful  results  are  immediately  available  at  time  of  testing,  whereas  the 
first  two  methods  require  extensive  and  time-consuming  data  reduction 
before  meaningful  data  are  available.  For  example,  to  measure  the  ter¬ 
minal  impedance  of  an  antenna  in  sufficient  detail  from  1  to  30  MHz  requires 
a  minimum  of  120  separate  measurements  with  an  admittance  bridge  such 
as  the  Wayne-Kerr  B801.  For  each  measurement,  the  frequency  must  be 
changed,  the  detector  and  receiver  tuned  to  the  new  frequency,  and  the 
bridge  rebalanced  to  some  initial  condition  (open  or  short  circuit  terminals). 
The  time  consumed  is  about  6  to  8  hours  of  measurement  and  2  to  3  days  of 
data  reduction  and  plotting.  *  On  the  other  hand,  VSWR  measurements  can 
be  made  over  the  frequency  range  of  1  to  30  MHz  in  less  than  5  minutes  per 
antenna  and  is  very  useful  when  installing,  testing,  or  troubleshooting  an 
array. 


The  point -by -point  measurements  are  primarily  useful  when  one  is 
attempting  to  measure  antenna  or  earth  parameters  by  comparison  of 
accurate  experimental  measurements  to  theoretical  calculations  (see 
Figure  2,  for  example). 

The  test  setup  for  VSWR  measurements  is  shown  in  Figure  5.t 
Measurements  are  made  by  the  substitution  method  whereby  the  bridge  is 
initially  checked  by  connecting  identical  resistive  standard  loads  (50  ohms) 
to  each  side  of  the  bridge.  Under  these  conditions,  the  bridge  is  balanced, 
and  no  voltage  is  available  at  detector  terminals.  Next,  the  50-ohm  load 
is  removed  from  the  unknown  side  of  the  bridge  and  replaced  by  calibrated 
but  resistive  mismatches  that  produce  a  known  VSWR  relative  to  the 
50-ohm  standard  and,  because  of  the  wide  band  response,  a  constant  level 
DC  output  as  a  function  of  frequency.  The  larger  the  VSWR,  the  greater 
the  detector  output.  Since  the  results  are  usually  displayed  on  an  oscillo¬ 
scope,  the  CRT  display  can  be  calibrated  in  VSWR  relative  to  50  ohms  and 
as  a  function  of  frequency.  Following  calibration,  the  antenna  is  connected 
to  the  unknown  side  (usually  through  a  high  pass  filter  that  reduces  inter¬ 
ference  from  local  broadcast  stations).  The  response  as  a  function  of 


*New  instruments  are  recently  available  such  as  the  Hewlett-Packard 
vector  impedance  meter  that  can  significantly  reduce  the  time  required. 
Data  are  available  in  impedance  magnitude  and  phase  angle. 
tOn  the  surface,  the  results  appear  qualitative  rather  than  quantitative. 
However,  careful  observation  of  technique  and  subsequent  study  of  the 
results  will  enable  the  calculation  of  attenuation  and  velocity  ratio,  as 
well  as  the  characteristic  impedance  as  a  function  of  frequency. 
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FIGURE  5.  TEST  CIRCUIT  FOR  SWEPT  FREQUENCY  VSWR  MEASUREMENTS 


frequency  can  be  directly  compared  to  that  from  the  known  mi  -  ‘ohes  by 
multiple  exposure  photographs  of  the  CRT  display.* 

Representative  samples  of  the  SVWR  as  a  function  of  frequency  at 
the  antenna  terminals  are  shown  in  Figure  6  for  three  antenna  lengths  and 
three  antenna  heights  above  ground.  Although  the  results  shown  are  based 
upon  50-ohm  reference,  the  design  feedpoint  impedance  for  the  Beverage 
system  is  75  ohms.  The  calibration  line  marked  75  ohms  in  the  figures 
was  obtained  by  using  a  1.5  calibrated  mismatch  relative  to  50  ohms. 
Likewise,  the  60-ohm  line  is  a  1.2  mismatch  and  the  90-ohm  line  a  1.8 
mismatch.  It  can  be  seen  that  when  the  antenna  is  substituted  for  the 
known  mismatches  that  the  terminal  impedance  is  not  less  than  60  ohms 
nor  more  than  90  ohi  is  over  the  frequency  range  except  when  the  antenna 
is  placed  directly  on  the  ground,  t 

When  the  VSWR  measurements  are  transposed  to  a 75 -ohm  reference, 
the  Z  =60-ohm  line  represents  a  VSWR  of  1 . 25/  1 ,  and  Z  =  90-ohm  lihe 
represents  a  VSWR  of  1.20/1  referred  to  75  ohms.  Thus,  it  can  be  seen 
that  the  VSWR  never  exceeds  1. 25/1  over  the  frequency  range  of  3  to 
30  MHz. 

Note  that  if  a  75 -ohm  standard  was  used  on  the  reference  side  of 
the  bridge,  one  could  not  determine  when  the  input  impedance  became  less 
than  75  ohms  since  the  detector  only  indicates  the  absolute  value  of  the 
mismatch  relative  to  the  reference  standard.  By  using  a  50-ohm  reference, 
however,  the  variations  in  line  impedance  can  be  easily  determined. 

Representative  impedance  measurements  through  an  impedance 
transformer  (a  four-turn  bifilar  wound  matching  transformer)  by  the  admit¬ 
tance  bridge  method  are  shown  in  Figure  7  for  an  antenna  having  a  charac¬ 
teristic  impedance  of  Figure  4.  It  can  be  seen  that  the  resistive  term  of  the 
input  impedance  varies  between  77  and  65  ohms  over  the  frequency  range  of 
2.5  to  30  MHz,  while  the  reactive  term  is  slightly  inductive.  A  subsequent 
calculation  will  show  th&t  when  a  75-ohm  feed  cable  is  used  the  VSWR  is 
within  1.  15/1  over  the  entire  frequency  range. 


♦Details  of  the  filter  and  impedance  matching  transformer  between  the  bridge 
circuit  and  the  antenna  shown  in  Figure  5  are  described  in  Appendix  I 
(pp.  1-23  through  1-31)  along  with  other  termination  specifications.  Note 
also  that  the  filter  becomes  part  of  the  bridge  circuit  so  that  the  charac¬ 
teristics  of  the  antenna  only  can  be  determined, 
tit  is  also  possible  that  the  antenna  and  impedance  could  always  be  less  than 
50  ohms  and  produce  the  same  VSWR  as  shown.  However,  any  ambiguity 
ran  be  (and  was)  resolved  by  using  a  second  reference  other  than  50  ohms, 
say  40  ohms,  and  noting  whether  the  VSWR  increases  or  decreases. 
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FIGURE  6.  VSWR  AT  ANTENNA  TERMINALS  VS  FREQUENCY 


ANTENNA  CIRCUIT  AS  SHOWN  IN  FIGURE  5. 
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FIGURE  7.  IMPEDANCE  VS  FREQUENCY  OF  SAME  ANTENNA 
OF  FIGURE  4,  BUT  WITH  MATCHING  TRANSFORMER 
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These  tests  demonstrate  that  the  antenna  is  effectively  terminated 
over  the  frequency  range  of  1  to  30  MHz  and  that  no  discontinuity  or  resonances 
occur  even  though  each  antenna  becomes  several  wavelengths  long  at  30  MHz. 
The  aperiodic  characteristic  is  an  important  characteristic  that  can  be  used 
to  advantage  in  the  design  and  operation  of  antenna  filters,  multicouplers, 
power  dividers,  and  commutators.  It  means  that  circuits  can  be  tested  in 
the  laboratory  with  conventional  test  instruments  (having  50  or  75-ohm 
output  impedances)  with  assurance  that  the  results  will  be  meaningful  when 
the  test  generator  is  replaced  by  the  antenna  circuit. 

C.  Beverage  Antenna  Array  Configurations 

During  the  contract  period,  the  performance  of  several  Beverage 
Antenna  Array  Configurations  were  studied.  In  all  instances,  the  antenna 
array  was  made  up  of  180  antenna  elements  radially  spaced  every  2* 
azimuth.  Array  names  and  specifications  are  given  below.  The  year  in 
which  the  tests  were  conducted  are  shown  in  parentheses;  for  the  early  work, 
references  are  made  to  previous  reports  describing  the  performance: 

(1)  1 12-meter  array  -  antenna  length  height  112  meters,  feedpoint 
radius  -  25  meters,  termination  radius  height  -  137  meters, 
antenna  length  height  above  ground  -  0,85  meter  (1964,  1964) 
[2,3]. 

(2)  300 -meter  array  -  antenna  length  -  300  meters,  feedpoint 
radius  -  25  meters,  termination  radius  -  325  meters,  antenna 
height  above  ground  -  1.0  meter  (1964)  [5], 

(3)  27-meter  array  -  antenna  length  -  27  meters,  feedpoint  radius  - 
109  meters,  termination  radius  -  136  meters,  antenna  length 
above  ground  -  0.7  meter  (1964)  [5], 

(4)  Array  A-I  (1.0)  -  antenna  length  -  75  meters,  feedpoint  radius  - 
46  meters,  termination  ’•adius  -  121  meters,  height  above 
ground  -  1.0  meter  (1966). 

(5)  Array  A-II  (1.0)  -  antenna  length  -  75  meters,  feedpoint  radius  - 
131  meters,  termination  radius  -  206  meters,  height  above 
ground  -  1.0  meter  (1966). 

(6)  Array  A-II  (0. 1 )  -  antenna  length  -  75  meters,  feedpoint  radius  - 
131  meters,  termination  radius  -  206  meters,  height  above 
ground  -0.1  meter  (1966-1967). 
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(7)  Array  A-I  (0,  25)  -  antenna  length  -  75  meters,  feedpoint  radius 
46  meters,  termination  radius  -  121  meters,  height  above 
ground  -  0.25  meter  (1967). 

Relative  locations  of  the  1 12-meter  and300-meter  Beverage  array 
are  shown  in  the  field  site  map  of  Figure  8.  The27-meter  array  was  con¬ 
structed  on  the  112-meter  site  by  maintaining  a  constant  outer  radius  for 
the  array  and  increasing  feedpoint  radius  to  109  meters  (1 12-meter  array 
dismantled). 

The  site  locations  for  the  75-meter  Beverage  arrays  A-I  and  A-II 
and  the  AN/TRD-15  Doppler  DF  (see  Introduction)  are  shown  in  Figure  9. 

A  photograph  of  the  AN/TRD-15  Doppler  array  is  shown  in  Figure  10. 

(The  300-meter  array  was  dismantled  to  enable  installation  of  the  two  75- 
meter  arrays. ) 

Note  that  arrays  A-I  and  A-II  are  concentric  with  specific  elements 
in  each  array  along  the  same  radial.  A  partial  plan  of  the  concentric  arrays 
is  shown  on  Figure  11.  Provisions  to  commutate  both  ends  of  each  antenna 
and  cross  section  along  one  radial  are  shown  in  Figure  12. 

D.  Instrumentation 


1 .  Commutation 


The  commutator  is  perhaps  the  most  important  item  in  the 
instrumentation  of  any  wide  aperture,  multielement  antenna  array.*  In  the 
Beverage  system,  the  function  of  the  commutator  is  to  sample  the  inputs 
from  an  array  of  circularly  disposed  elements  and  to  provide  a  means 
whereby  the  amplitude  and/or  phase  of  the  sample  signal  can  be  displayed 
in  synchronism  with  a  circular  (sine -cosine)  sweep  applied  to  a  cathode 
ray  tube.  The  objective  is  to  display  a  synthesized  antenna  pattern,  based 
upon  the  assumption  that  all  the  elements  have  identical  response  at  all 
frequencies  in  both  horizontal  and  vertical  planes,  that  can  be  used  to 
accurately  determine  the  azimuthal  angle  of  arrival  of  a  radio  signal. 

Digital  commutator  design  considered  the  following  specifica¬ 
tions!: 


(1)  Commutate  through  360*,  a  beam  formed  by  the  summa¬ 
tion  of  any  number  of  antennas  with  any  desired  separa¬ 
tion  between  antennas. 


*See  additional  discuusion  in  Section  III.  F.7. 

tSometimes  referred  tc  in  the  literature  as  electronic  goniometer. 
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FIGURE  8.  SITE  LOCATIONS  OF  112,  300  AND  27-METER  ARRAYS 


FIGURE  9.  SITE  LOCATIONS  OF  CONCENTRIC  75 -METER  ARRAYS 
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FIGURE  10.  AN/TRD-15  DOPPLER  ARRAY  INSTALLATION 
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(2)  Maintain  a  constant  output  impedance  and  element  isola¬ 
tion  (greater  than  20  dB)  regardless  of  the  number  of 
antennas  summed  or  the  signal  frequency. 

(3)  Transient  free  switching  in  the  signal  path. 

(4)  Each  antenna  gate  to  be  matched  in  gain  and  phase  as  a 
function  of  frequency. 

(5)  Commutate  a  circular  array  of  180  elements  having  an 
element  located  every  2°  azimuth. 

Three  digital  commutator  models  (Mark  I,  Mark  II,  and 
Mark  III)  were  constructed  and  used  during  the  testing  of  various  Beverage 
antenna  arrays.  The  first  180  input  solid  state  digital  commutator  (Mark  I) 
was  designed  and  constructed  under  Contract  No.  NObsr-85364  and  tested 
under  a  present  contract.  Operational  theory,  design  and  performance  are 
described  in  Reference  2.  The  Mark  II  commutator  was  constructed  under 
Contract  DA  36-039-AMC-02346(E)  while  the  Mark  III  commutator  was 
constructed  under  the  present  contract. 

The  basic  principles  of  operation  and  primary  control  circuit 
logic  are  identical  in  all  models.*  The  primary  differences  lie  in  RF  gate 
design  and  circuit  layout  construction. 

The  RF  gate  for  the  Mark  I  commutator  utilized  a  series  shunt 
arrangement  of  diodes  to  control  the  signal  flow  from  the  individual  antennas 
to  the  receiver.  A  positive  voltage  applied  to  the  gate  effectively  isolates 
the  antenna  from  the  receiver,  while  a  negative  voltage  provides  a  low 
impedance  path  between  the  antenna  and  receiver.  Although  very  good 
performance  was  obtained  (see  Reference  2)  objectionable  features  of  the 
diode  RF  gate  were  (1)  a  pedestal  type  gate  wherein  the  RF  signal  was 
superimposed  upon  a  DC  pedestal  when  the  gate  was  open,  (2)  relatively 
severe  switching  transients  at  the  receiver  input,  due  to  switching  the  gate 
ON  or  OFF  by  a  pulse  from  the  control  circuit  logic,  so  that  the  receiver 
sensitivity  was  limited  by  commutation  noise  below  about  7  MHz,  and(3)losp 
of  summing  capability  due  to  a  varying  summing  junction  impedance  when¬ 
ever  more  than  8  diode  gates,  common  to  one  receiver  input,  were  switched 
or  at  the  same  time. 


♦Differences  also  exist  in  control  circuit  logic  between  the  various  models 
but  provide  flexibility  for  signal  processing  and  do  not  affect  the  basic 
purpose  of  the  commutator. 
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The  major  design  improvement  in  the  Mark  II  and  Mark  III 
digital  commutators  was  in  the  RF  switch  performance.  In  order  to  over¬ 
come  the  above  disadvantages,  a  balanced  push-pull  transistor  amplifier 
gate  was  developed  (with  transformer  coupling  on  input  and  output)  to 
produce  a  transient  free  pedestal  less  gating  circuit. 

A  buffer  amplifier  stage  between  each  transistor  gate  and  the 
point  of  summation  was  also  added  to  provide  a  constant  output  impedance 
from  the  commutator.  Consequently,  the  predicted  increase  in  array  gain 
as  the  number  of  antennas  elements  is  increased  was  fully  realized  (see 
Figure  27,  Section  E). 

Design,  construction,  and  operational  details  of  the  Mark  II 
commutator  are  discussed  in  Reference  5  and  Appendix  I  of  this  report. 
The  Mark  III  design  is  described  briefly  belcw  and  in  more  detail  in 
References  7  and  9. 


NOTE:  Because  of  the  relatively  low  dynamic  range  of 
the  push-pull  transistor  amplifier  (30-mv  maximum  for 
linear  operation)  considerable  interference  was 
experienced  from  local  transmitters  operating  in  the 
broadcast  band  (field  strength  of  one  has  been  mea¬ 
sured  in  excess  of  300,000  microvoltf  per  meter). 

These  broadcast  signals  coupled  with  the  antenna  factor 
saturated  the  amplifier.  It  was  necessary  therefore 
to  design  and  install  a  high-pass  filter  in  each  antenna 
circuit  between  the  antenna  and  RF  input  to  the  commuta¬ 
tor.  Filter  circuit  design  and  response  are  given  in 
Appendix  I. 

The  Mark  III  digital  commutator  has  360  stages  (versus  180 
for  the  Mark  I  and  Mark  II  versions)  and  an  improved  layout.  Each  stage 
in  the  commutator  contains  one  RF  gate  and  its  associated  flip-flop  in  the 
shift  register  ring  counter.  All  components  for  one  stage  are  mounted  on 
a  printed  circuit  board  as  shown  in  Figure  13.  Thirty  stages  (cards)  on 
one  chassis  comprise  one  commutator  module  as  shown  in  Figures  14  and 
15.  The  required  logic  connections  are  brought  out  to  plugs  on  the  rear  of 
each  chassis  which  may  be  jumpered  on  the  same  chassis  to  form  a  30-stage 
ring  commutator  or  to  other  units  to  form  a  larger  ring  commutator  in 
multiples  of  the  30-stage  units.  Combinations  of  commutator  units  may  be 
made  to  permit  commutation  of  inputs  up  to  360  (12  commutator  units). 
However,  in  all  performance  tests  conducted  to  date,  the  commutators 
were  operated  in  180-stage  groups. 
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FIGURE  14.  3  0-STAGE  MODULE  OF  MARK  III  COMMUTATOR  -  FRONT  VIEW 
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FIGURE  15.  30-STAGE  MODULE  OF  MARK  III  COMMUTATOR  -  REAR  VIEW 


Each  commutator  module  contains  its  complement  of  power 
supplies  and  a  self-contained  pulse  generator  for  test  purposes.  The  fre¬ 
quency  of  the  pulse  generator  is  variable  to  enable  a  linear  presentation  of 
the  scan,  up  to  15  scans  per  second  when  the  30-stage  unit  is  operated 
independently  of  the  master  control  circuits. 

The  master  control  unit  contains  the  necessary  optical  generators 
and  logic  functions  to  provide  the  triggering  of  clock  pulses  to  the  ring 
counter  RF-gate  stages,  the  circular  sweep  voltages  for  a  CRT  indicator, 
the  synchronization  signals  and  automatic  bearing  readout  functions.  The 
optical  generator  chassis  is  shown  in  Figure  16  and  the  master  logic  control 
in  Figures  17  and  18.  A  180-stage  commutator  is  shown  in  Figure  19; 
another  view  of  the  commutator  is  sho  vn  in  Section  D.  2. 

The  purpose  of  the  360  stages  in  the  Mark  III  design  were 

threefold: 

(1)  To  provide  greater  flexibility  so  that  any  360°  circular 
array  having  30  to  360  elements  may  be  commutated 
(specifically  30,  45,  60,  90,  120,  180,  and  360  elements). 

(2)  To  function  as  two  180-input  sections  operating  in  parallel 
to  enable  simultaneous  and  synchronous  scanning  of 
inner  and  outer  feedpoints  of  a  180-element  circular 
array. 

(3)  Synchronous  sampling  of  a  180-element  array  by  two 
180  stage  commutators  on  the  same  antenna  terminals 

to  obtain  a  difference  scan  and  null  display.  A  simplified 
block  diagram  of  the  commutator  system  is  shown  in 
Figure  20;  representative  CRT  displays  are  shown  also. 

The  scan  rate  of  all  digital  commutators  is  exactly  ten  scans 

per  second. 

2.  Receivers  and  Indicators 

The  receivers  and  indicators  for  two  existing  DF  sets  (AN/FRD- 
10  and  AN/TRD-4A)  were  modified  and  adapted  for  operation  with  the  Beverage 
antenna  arrays  and  digital  commutation.  Modifications  to  the  AN/FRD-10 
instrumentation  are  discussed  in  Reference  2,  while  the  AN/TRD-4  circuits 
are  described  in  Reference  5  and  Appendix  I  of  this  report.  A  photograph  of 
the  instrument  room  is  shown  in  Figure  21. 
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FIGURE  16. 


OPTICAL  GENERATOR  CHASSIS 
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FIGURE  18.  MASTER  CONTROL  CHASSIS  FOR  MARK  III 
COMMUTATOR  -  REAR  VIEW 
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FIGURE  19.  MODULES  GROUPED  FOR  180-STAGE 
DIGITAL  COMMUTATOR 
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FIGURE  20.  SIMPLIFIED  DIAGRAM  OF 
DUAL  COMMUTATION  SYSTEM 
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The  AN/TRD-15  Doppler 


In  order  to  observe  the  performance  of  the  Beverage  and 
AN/TRD-15  systems  on  side-by-side  displays,  the  Doppler  display  was 
remoted  to  the  Beverage  instrumentation  shelter.  The  Doppler  pattern 
with  72-kHz  subcarrier  was  picked  off  the  indicator  goniometer  driving  the 
IP  137  display.  Cable  drive  circuits,  shown  in  Figure  22  (blanking  voltage 
was  also  transferred),  would  not  drive  a  second  IP  137  display;  consequently, 
a  gene r 2d  purpose  oscilloscope  with  X  and  Y  inputs  was  used  with  good 
results.  * 


Sensitivity  Measurements 


The  vertically  polarized  field  strength  required  to  produce  a  10-dB 
signal  plus  noise -to-noise  ratio  at  the  input  to  a  DF  receiver  was  measured 
for  single  Beverage  antennas  of  several  lengths  and  heights  above  ground. 
Measurements  were  also  conducted  on  several  array  configurations  of  75- 
meter  antennas. 


The  instrumentation  setup  is  shown  in  Figure  23.  The  technique 
employed  was  as  follows: 


(1)  With  a  target  transmitter  located  in  the  far  field  of  the  antenna 
array,  a  field  strength  of  100  microvolts  per  meter  was 
established  near  the  array  center  at  the  desired  frequency 
(constant  carrier  only). 


(2)  Using  the  Beverage  element  lying  in  the  plane  of  incidence, 
the  receiver  was  tuned  to  the  target  signal. 


(3)  The  target  transmitter  was  turned  off,  and  the  background  noise 
level  of  the  anteuna  was  noted  on  the  RMS  voltmeter  connected 
to  the  received  IF  output.  Care  was  taken  to  be  sure  that  no 
other  on-the-air  signal  was  located  within  the  2-kc  pass  band 
of  the  receiver.  The  antenna  was  decoupled  from  the  receiver 
by  at  least  100  dB,  and  the  receiver  noise  was  also  measured 
and  recorded. 


♦  The  remote  CRT  display  had  no  provisions  for  azimuth  bearing  readout.  * 
Bearings  were  read  on-site  and  at  the  instrumentation  shelter  at  the 
AN/TRD-15  array  center.  The  purpose  of  the  remote  display  was  to 
enable  side-by-side  comparisons  and  to  facilitate  16-mm  film  recordings. 
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FIGURE  22.  AMPLIFIERS  FOR  REMOTE  DISPLAY  OF  DOPPLER  PATTERN 


(4) 


(5) 


(6) 


(7) 


FIGURE  23.  INSTRUMENTATION  FOR 
SENSITIVITY  MEASUREMENT 

The  receiver  linear  dynamic  range  without  AGC  wa.  mea.ured 
using  a  signal  generator  (always  greater  than  30  dB  for  the 
receiver  used) 

The  transmitter  was  turned  on!  and  the  received  ■ig™-1  in  volts 
was  measured  on  the  RMS  meter.  In  order  to  stay  within  the 
the  dynamic  range  of  the  receiver,  the  input  attenuator  was 
adjusted  so  that  the  meter  reading  did  not  Increase  more  than 
10  dB  over  the  largest  noise  reading  of  Item  (3)  above  (the 
antenna  noise  was  greater  than  the  receiver  noise  for  fre- 
quencies  less  than  10  mc/s)  so  that  the  reading  was  within  the 
linear  portion  of  the  receiver.  The  signal  plus  noise  reading 
was  recorded  in  dB  above  the  noise  level  of  Item  (3)  by  add  g 
the  known  attenuation  set  into  the  input  attenuator  and  the 
increase  in  meter  reading  in  dB. 

Linearity  was  checked  by  changing  the  signal  strength  a  known 
amount  such  as  3  dB  or  10  dB  and  noting  the  signal  level  at 
the  receiver  output  followed  exactly.  (Once  linearity  was 
established,  this  test  was  not  repeated  for  succeeding  sensi¬ 
tivity  measurements. ) 

With  linearity  established,  the  difference  between  * 
signal  plus  noise-to-noise  ratio  and  the  reading  obtained  in 
Item  (5)  above  for  a  100  microvolt  per  meter  fle  dwas  calcu¬ 
lated.  The  difference  was  a  measure  of  how  much  the  1 
microvolt  per  meter  field  could  be  reduced  to  provide  exactly 
a  10-dB  signal  plus  noise -to-nolse  ratio  at  the  receiver  input 
terminal.  For  example,  if  the  difference  is  40  dB,  then  the 
actual  field  strength  required  for  a  10-dB  signal  plus  noise-to- 
noise  ratio  would  be  1  microvolt  per  meter. 


3 1 


1 .  Single  Element  Sensitivity  Measurement 


Signal-to-noise  sensitivity  measurements  including  front-to- 
back  ratio  measurements  were  made  on  single  Beverage  elements  as  a 
function  of  length,  height,  and  frequency.  Data  were  taken  for  element 
lengths  of  27,  50,  and  75  meters;  element  heights  of  1.0,  0.5,  0.1,  and 
0.0  meter;  and  frequencies  between  2  and  10  me  (a  few  data  points  above 
10  me  in  some  instances).  For  each  data  point,  comparative  data  were 
also  obtained  for  a  29 -ft  monopole  similar  to  an  element  used  with  the 
AN/TRD-4  direction  finder  (without  top  hat).  Curves  showing  the  field 
strength  required  to  produce  a  10-dB  signal  plus  noise -to-noise  ratio  at 
the  receiver  terminals  including  the  reference  monopole  are  shown  in 
Figure  24. 


Of  particular  interest  is  the  variation  in  apparent  sensitivity  of 
the  monopole  which  is  due  to  variations  in  the  background  noise  from  day  to 
day.  It  is  not  unusual  for  the  noise  level  to  vary  on  an  omnidirectional 
element,  and  it  can  be  expected  to  vary  with  frequency,  time,  and  azimuth; 
however,  noise  level  variations  should  be  less  pronounced  on  the  directional 
Beverage  element  with  noise  peaks  (or  increase  in  field  strength  for  a 
given  signal  to  noise  ratio)  occurring  when  the  noise  source  is  in  the  direc¬ 
tion  the  element  is  pointing.  Examples  of  the  existence  of  directional  noise 
can  be  seen  at  4  mc/s  on  the  1 -meter  height  data  and  8  mc/s  for  the  1/2- 
meter  height. 

2.  Array  Sensitivity 

Comparative  sensitivity  measurements  were  made  between 
arrays  A-I  and  A- II  as  a  function  of  frequency  and  active  elements  used  in 
tne  beam  forming  process  of  the  digital  commutator. 

Data  were  obtained  by  the  same  technique  described  for  single 
elements  except  that  the  digital  commutator  was  included  as  part  of  the 
antenna  circuit  (as  in  single  element  measurements,  the  signal-to-noise 
ratio  was  measured  at  the  DF  receiver  input  terminals).  Data  for  arrays 
A-I  and  A- II  at  1.0-meter  height  and  3,  9,  and  15  consecutive  antennas 
forming  the  beam  are  plotted  vs  frequency  in  Figure  25.  Data  for  23 
antennas  only  for  array  A-I  at  1 . 0-meter  height  and  array  A-II  at  a  new 
height  of  0. 1  meter  are  shown  in  Figure  26. 

Although  some  improvement  in  signal-to-noise  ratio  was 
obtained  below  5  MHz  for  the  lower  height  array,  the  direction  finding  per¬ 
formance  of  the  low  profile  array  was  superior  to  array  A-I  (elements  at 
1-meter  height)  and  particularly  for  downcoming  signals  from  close-in 
targets. 
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FIGURE  24.  SINGLE  ELEMENT  SENSITIVITY 
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FIGURE  25.  ARRAY  SENSITIVITY 
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FREQUENCY  IN  MEGACYCLES/ SECOND* 


FIGURE  26.  SENSITIVITY  DEGRADATION  DUE  TO  COMMUTATOR 


FIGURE  27.  SIGNAL  GAIN  VS  NUMBER  OF  ELEMENTS  IN  ARRAY 


The  effects  of  commutation  are  shown  in  Figure  27.  Although 
the  individual  stages  in  the  commutator  exhibit  about  12 -dB  gain,  the  overall 
effect  of  the  commutator  and  summing  junction  is  to  degrade  the  signal-to- 
noise  ratio  as  shown  in  the  figure.  However,  it  can  be  seen  in  Figure  25 
that  the  single -element  sensitivity  is  recovered  when  three  consecutive 
antennas  are  summed. 

The  reason  for  signal-to -noise  degradation  is  inherent  in  the 
commutator  design.  This  is  because  the  buffer  amplifier  between  each  RF 
gate  and  the  summing  junction  remains  at  maximum  gain  regardless  of  the 
ON-OFF  state  of  the  RF  gate.  Consequently,  the  buffer  noise  of  all 
180  stages  is  added  at  the  summing  junction  and,  insofar  as  the  DF  receiver 
is  concerned,  appears  as  antenna  noise.  Such  effects  are  not  important  in 
the  overall  system  performance  when  the  optimum  number  of  antennas  for 
minimum  beamwidth  (see  Section  HI.  F.  5)  are  commutated  because  the 
antenna  noise  again  predominates  when  more  than  three  antennas  are 
summed. 

3.  Array  Gain 

The  gain  realized  at  10  MHz  by  summation  of  consecutive 
antennas  via  the  commutator  is  shown  in  Figure  27  for  array  A-II  at  a 
1.0-meter  height.  Very  good  agreement  is  seen  between  the  experimental 
measurements  and  theoretical  calculations  on  an  assumed  array  size  very 
nearly  the  same  as  that  tested.  The  results  show  that  the  summing  capa¬ 
bility  of  the  Mark  III  commutator  meets  the  design  objectives. 

F.  Antenna  Patterns 


1.  Theoretical  Antenna  Patterns 


Pattern  studies  have  been  performed  to  investigate  the  suit¬ 
ability  of  the  patterns  for  direction  finding  as  a  function  of  various  antenna 
design  parameters.  This  has  been  done  theoretically  [2, 4,  5,  7]  by  calcu¬ 
lating  the  beamwidth,  side  lobe  level,  elevation  plane  response,  polariza¬ 
tion  error,  and  various  other  characteristics  as  a  function  of  frequency, 
polarization  of  signed,  antenna  length,  height  above  ground,  array  diameter, 
element  spacing,  phased  and  nonphased  inputs,  methods  of  commutation,  and 
certain  other  parameters.  A  number  of  the  theoretical  patterns  have  been 
checked  experimentally  with  very  good  results  as  shown  in  Figure  28.  Con¬ 
sistent  agreement  indicates  that  the  mathematical  model  of  the  Beverage 
antenna  can  be  accepted  with  confidence  for  both  azimuth  and  elevation 
patterns. 
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FIGURE  28.  THEORETICAL  AND  EXPERIMENTAL  ARRAY  PATTERNS 
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2.  Experimental  Patterns 

Experimental  array  patterns  using  target  and  on-the-air  signals 
have  been  previously  reported  in  detail  for  the  112,  300,  and  27-mile 
arrays  [2,5].  Typical  patterns  for  the  75-meter  arrays  are  presented 
within  Appendix  I,  pp,  1-74  through  1-78. 

3.  Difference  Patterns 

Two  180-input  commutators  were  connected  to  the  Null-T 
outputs  Cj  and  C %  of  Figure  12  to  permit  difference  scanning  techniques  to 
be  conducted. 


The  tests  were  devoted  to  study  of  difference  scanning  whereby 
a  difference  pattern  can  be  established  by  setting  up  one  beam  via  a  com¬ 
mutator  at  Cj  to  the  right  of  the  bore  sight  antenna  and  a  second  beam  via  a 
commutator  at  C 2  to  the  left.  The  outputs  of  commutators  were  differentially 
connected  as  shown  in  Figure  20  to  produce  a  null  along  the  boresight  path 
for  conditions  of  pattern  symmetry  in  the  region  of  the  boresight  elements. 

The  CRT  display  is  inverted  (zero  signal  at  the  tube  periphery),  and  a  very 
narrow  beam  indicating  the  direction  of  arrival  of  the  signal  can  be  obtained. 
The  technique  is  demonstrated  in  Figure  29.  Other  null  patterns  of  on-the- 
air  signals  are  shown  in  Figure  30. 

Tests  of  the  difference  scan  method  have  shown  an  advantage 
over  the  "sum  mode,  particularly  at  frequencies  below  8  MHz  and  on 
signals  that  have  high  fade  rates  or  exhibit  extreme  beam  swing.  When 
such  signals  are  viewed  on  a  CRT  with  the  normal  positive  deflection  systems, 
the  possibility  of  obtaining  a  good  bearing  is  dependent  upon  the  DF  operator's 
experience  and  ability  to  judge  overall  pattern  symmetry  [2],  In  addition, 
the  minimum  bandwidths  obtainable  by  direct  summation  of  elements  around 
2  MHz  (see  Section  F.4)  are  too  broad  (40°  to  50*)  for  the  best  determina¬ 
tion  of  the  maximum  of  the  beam,  whereas  the  null  be&mwidth  is  generally 
about  5°.  It  has  been  observed  that  good  nulls  with  the  difference  scan 
method  form  only  for  the  conditions  of  pattern  symmetry  and  in  the  direction 
of  arrival  of  signal.  Therefore,  it  is  also  much  easier  to  judge  symmetry 
of  the  null  which  will  reduce  che  error  factor  due  to  DF  operator  judgment. 

Some  thought  has  been  given  to  reasons  why  the  null  forms 
only  for  certain  conditions  and  also  apparently  indicating  a  good  bearing: 

(1)  A  null  forms  only  when  the  components  of  the  propagated 
wave  are  symmetrical  in  the  region  of  the  boresight 
elements. 
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Figure  29a 
Max  Pattern  Using 
15  Consecutive  Antennas  2*  Apart 


Figure  29b 

Double  Exposure  Showing  Left  and 
Right  Beams  Before  Difference  is 
Taken.  Each  Beam  is  Obtained  by 
15  Consecutive  Antennas  2*  Apart. 
Left  Beam  from  Commutator  B  and 
Right  Beam  from  Commutator  A. 


Figure  29c 

Difference  of  the  Beams  of  Figure  9b 
Shown  with  a  Null  Type  CRT  Display . 


Distance  to  Station •-  1402  Mi. 

FIGURE  29.  PATTERNS  DESCRIBING  MAX  AND 
NULL  MODE  OPERATION 
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Figure  30a 

Null  Pattern  at  7.46  Me/ a 
AF5TFZ,  Lake  Charles,  La. 
Distance  =  329  mi. 

Left  and  Right  Beams  - 
15  Antennas  each  2*  Apart 
Total  Aperture  =62* 


Figure  30b 

Null  Pattern  at  8.59  Mc/s 
KOK  -  Clearwater,  Calif. 
Distance  =  1188  mi. 
Left  and  Right  Beams  - 
15  Antennas  each  2*  Apart 
Total  Aperture  *  62° 


Figure  30c 

Null  Pattern  at  3.311  Mc/s 
AF5BKH  -  Abilene,  Texas 
Distance  =  220  mi. 

Left  and  Right  Beams  - 
15  Antennas  each  2*  Apart 
Total  Aperture  =  62* 
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FIGURE  30.  TYPICAL  NULL  PATTERNS 
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(2)  It  has  been  theoretically  predicted  and  experimentally 
observed  that  the  presence  of  horizontal  polarization 
causes  the  array  pattern  to  appear  unsymmetrical. 

This  is  because  the  phase  of  the  horizontal  component  shifts 
180*  from  one  side  of  the  boresight  to  the  other  while 
the  phase  of  vertical  does  not.  Consequently,  the  induced 
voltages  add  one  side  and  subtract  on  the  other.  There¬ 
fore,  a  good  null  can  form  in  the  boresight  direction  only 
when  the  magnitude  of  the  horizontal  component  is  less 
than  the  vertical. 

(3)  Although  it  may  be  that  symmetry  conditions  for  the 
horizontal  component  could  occur  at  some  azimuth  other 
than  the  boresight,  conditions  would  no  longer  be  optimum 
to  form  a  null  because  signals  due  to  the  vertical  com¬ 
ponent,  received  from  the  right  and  left  beams,  are  not 
of  equal  magnitude  (the  major  part  of  the  vertical  com¬ 
ponent  of  the  propagated  wave  apparently  deviates  very 
little  from  the  boresight  path). 

For  conditions  of  severe  multipath  interference,  observations 
have  indicated  that  good  nulls  seldom  form  except  during  instants  of  sym¬ 
metry  about  the  boresight  element.  It  has  been  noted  that  the  null  that  forms 
occurs  at  nearly  the  same  azimuth  regardless  of  the  rate  of  fade  or  bearing 
swing  noted  on  a  max-type  display. 

4.  Sampling  at  the  Array  Periphery 

Brief  tests  were  conducted  to  investigate  the  feasibility  of 
sampling  a  circular  array  around  its  outer  periphery  (outside  feeds)  (see 
Figure  12  input  to  commutators  B  or  D).  Feed  cables  were  gathered  in 
groups  of  ten  each  and  returned  to  the  instrument  shelter  at  the  array  center 
so  that  the  effects  of  the  feed  cables  on  the  antennas  would  be  minimized  (no 
adverse  coupling  effects  were  noted).  Although  few  bearings  were  taken 
using  outside  feeds,  the  performance  of  the  outside  feed  versus  inside  feeds 
(beamwidths  were  also  compared,  see  Section  F.  5)  on  live  signals  was 
observed: 

(1)  The  array  pattern  appears  to  be  more  narrow  when  out¬ 
side  feeds  are  used,  particularly  in  the  6  to  10-dB 
regions. 

(2)  The  rate  of  information  could  be  doubled. 

(3)  Effects  of  diversity  operation  were  apparent. 
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(4)  The  cpncept  of  commu  abound  the  outer  feed* 

required  some  discipline  (see  Figure  31)  because  a  given 
element  was  not  sampled  simultaneously  at  each  end. 
For  a  given  direction,  the  elements  diametrically 
opposite  in  the  array  were  sampled  at  the  same  time, 
one  at  the  inner  feedpoint  and  the  other  at  the  outside 
feedpoint. 
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FIGURE  31. 


METHOD  OF  COMMUTATING  A  SINGLE  ANTENNA 
FOR  TWO  DIRECTIONS  180*  APART 


(5)  No  change  in  array  performance  or  pattern  shapes  (partic¬ 
ularly  the  back  lobe)  was  noted  when  the  terminating 
resistors  at  the  outside  feedpoints  were  replaced  by  an 
impedance  matching  transformer  anc‘t  feed  cable. 

5.  Array  Beamwidths 

The  3-dB  beamwidths  of  the  CRT  patterns  were  measured  for 
several  of  the  Beverage  arrays  by  using  the  electronic  cursor  and  digital 
bearing  readout  on  the  AN/FRD-10  indicator.  Beamwidths  for  arrays  A-I 
(inside  feeds),  A-H  (inside  feeds)  and  A- II  (outside  feeds)  are  shown  in 
Figure  32.  Array  A-I  height  above  ground  was  0.25  meter  while  A-H  was 
0. 1  meter.  Beamwidths  are  plotted  as  a  function  of  frequency  and  the 
number  of  consecutive  antennas  forming  the  beam.  In  all  instances,  antenna 
inputs  were  summed  directly  without  external  phasing. 

Comparable  data  for  the  112-meter  array  previously  reported  [2] 
are  shown  in  Figure  33.  Theoretical  beamwidths  as  a  function  of  feedpoint 
radius  and  frequency  for  15  consecutive  antennas  forming  the  beam  are  shown 
in  Figure  34.  The  optimum  beamwidths  obtainable  by  direct  summation  of 
75-meter  elements  are  shown  in  Figure  32D  for  the  three-array  configuration. 
Note  the  slight  reduction  in  bcamwidth  obtained  in  array  A-II  for  outside  feeds 
(A-H4)  over  inside  feeds  (A-H2).  By  itself,  beamwidth  reduction  would  not 
justify  the  added  cost  of  feed  cables  for  outside  feeds;  however,  the  advantage 
of  increased  efficiency  and  diversity  operation  may  be  sufficient  to  justify  its 
consideration. 
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FIGURE  34.  THEORETICAL  BEAMWIDTHS  VS  FREQUENCY  AND 
ARRAY  RADIUS  -  15  ANTENNAS 


6.  Effect  of  Reducing  Number  of  Array  Elements 

Experiments  were  conducted  to  determine  if  the  number  of 
elements  in  an  array  could  be  reduced  to  something  less  than  180  by 
removing  every  other  element  from  the  commutator  input  and  programming 
the  commutator  for  longer  dwell  time  per  antenna  (for  180  elements  and 
10-cycle  sweep,  the  dwell  time  was  555  microseconds,  whereas,  for  90  ele¬ 
ments  the  time  required  is  1.11  milliseconds).  It  was  immediately  evident 
that  a  4°  spacing  of  elements  would  cause  an  undesirable  amount  of  cogging 
on  the  CRT  display  at  frequencies  greater  than  10  MHz.  It  is  thought  that 
the  directivity  of  single  elements  is  too  narrow  for  such  a  large  step  for 
sequential  commutation  unless  some  other  blending  technique  were  employed. 

7.  Phased  Arrays 

Theoretical  studies  [2,5,7)  have  shown  that  extremely  narrow 
beams  such  as  those  shown  in  Figure  35  can  be  obtained  by  phasing  the  antenna 
inputs  to  approximate  a  broadside  array.  Such  a  beam  could  be  obtained  by 
capacitive  goniometers  nowin  use  with  the  AN/FRD-10  Wullenweber  system; 
however,  the  instrumentation  required  to  produce  such  a  beam  by  present 
digital  commutation  techniques  does  not  appear  practical  at  this  time. 

Nonoptimum  phasing  such  as  that  shown  in  Figure  36  can  be 
programmed  by  the  digital  commutator.  Experiments  to  investigate  the 
technique  were  planned,  but,  because  of  equipment  difficulties  and  delays  in 
other  portions  of  the  research  program,  no  experiments  were  carried  out. 
Based  upon  the  results  of  array  thinning,  however,  it  is  concluded  that 
antenna  spacings  greater  than  2*  to  3°  would  result  in  objectionable  cogging 
effects  on  the  CRT  display.  For  a  2°  azimuthal  spacing,  no  serious  cogging 
effects  are  expected  since  the  difference  patterns,  having  a  null  beamwidth 
of  about  5°,  show  no  apparent  cogging  on  the  display  pattern  (see  Figures  20 
and  30). 


In  order  for  optimum  phasing  to  be  practical  with  digital  com¬ 
mutation,  each  antenna  circuit  would  contain  a  voltage  controlled,  variable 
delay  line  with  digital  and/or  computer  programming.  With  the  rapid 
advances  in  on-line  computer  control  techniques  and  integrated  circuit 
technology,  the  concept  of  optimum  beaming  forming  for  any  cophasal  angle 
is  not  a  technically  formidable  task  nor  is  it  economically  impractical. 
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FIGURE  35.  OPTIMALLY  PHASED  ARRAY  PATTERN  AT 
10  MHz  -  21  ANTENNAS 
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G .  Performance  Tests -- Beverage  and  Doppler  Systems 

1 .  Bearing  Accuracy 

Bearing  accuracy  tests  have  been  performed  on  all  of  the 
Beverage  antenna  arrays  described  in  Section  til.  A.  In  addition,  during 
the  bearing  accuracy  tests  of  the  Beverage  arrays  having  75-meter  ele¬ 
ments,  the  AN/TRD-15  Doppler  system  was  operated  along  with  at  least  one 
of  the  Beverage  antenna  DF  systems.  Portions  of  each  test  were  conducted 
so  that  bearings  were  taken  simultaneously  from  two  systems.  Details  and 
results  of  the  accuracy  tests  are  described  in  Volume  II  of  this  report. 

2.  Bearing  Sensitivity 

In  order  to  determine  the  Beverage  direction  finder  perfor¬ 
mance  on  signals  of  varying  field  strengths,  a  test  was  conducted  using 
one  Beverage  array  and  the  AN/TRD-15  Doppler  (the  performance  of  which 
is  known).  The  only  criterion  for  judgment  by  the  DF  operator  was:  Could 
a  DF  bearing  be  obtained  if  desired? 

Results  of  tests  to  compare  the  bearing  sensitivity  of  the 
Beverage  system  to  that  of  the  AN/TRD-15  Doppler  system  are  summarized 
in  Table  I.  The  tests  were  performed  as  follows: 

(1)  The  Beverage  DF  operator  tunes  through  the  band 
beginning  at  2  MHz  until  he  obtains  a  usable  DF  pattern 
which,  in  his  judgment,  he  could  record  a  bearing  (he 
was  not  required  to  identify  the  intercepted  signal  by 
call).  * 

(2)  He  then  notifies  the  Doppler  DF  operator  of  the  frequency 
and  azimuth  and  any  other  information  to  identify  the 
signal  (the  two  receiving  systems  tracked  in  frequency 
within  1  kHz). 

(3)  The  Doppler  operator  tunes  through  the  band,  also 
beginning  at  2  MHz,  until  he  first  obtains  a  usable  DF 
pattern. 

(4)  If  the  frequency  is  lower  than  that  of  the  Beverage,  he 
notifies  the  Beverage  operator  of  the  frequency  and 
azimuth,  etc. 


^Single  sideband  signals  were  not  included  in  the  test  because  the  present 
AN/TRD-15  system  could  not  process  the  signal. 
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(5)  The  Beverage  operator  returns  to  that  frequency  and 
determines  if  an  intercept  and  bearing  can  be  obtained. 

• 

(6)  If  not,  the  Doppler  opeiator  records  the  frequency  and 
proceeds  up  the  band  until  he  intercepts  the  signal 

[of  Step  (1)]  of  the  Beverage  operator  repeating  Steps  (3), 
(4),  and  (5)  for  any  other  intercepts.  Both  operators 
then  record  the  common  intercept.  Considerable  care 
was  taken  to  insure  that  both  operators  were  intercepting 
the  same  signal. 

(7)  If  in  Step  (3),  the  frequency  was  higher  than  that  of  the 
Beverage  intercept,  the  Doppler  operator  carefully 
searches  the  band  around  the  frequency  furnished  in 
Step  (2).  If  the  correct  intercept  cannot  be  made,  then 
only  the  Beverage  operator  records  the  intercept. 

t 

(8)  The  Doppler  operator  then  proceeds  up  the  band  until 
the  next  DF  pattern  is  obtained. 

(9)  Steps  (2)  through  (7)  above  are  repeated  except  that  the 
roles  of  the  two  operators  are  reversed. 

(10)  Step  (8)  is  repeated  with  the  Beverage  operator  in  the 
lead  position  and  so  on  through  the  frequency  range  of 
interest. 

Of  160  total  intercepts,  a  bearing  could  be  obtained  in  97 
instances  on  the  Doppler  and  159  instances  on  the  Beverage. 

3 .  High  Angle  Tests 

The  performance  of  the  various  Beverage  arrays  and  the 
AN/TRD-15  was  observed  on  simultaneous  reception  of  signals  from 
target  transmitters  located  34  and  100  miles  from  the  DF  site  and  from 
cooperative  transmissions  from  members  of  the  MARS  network  generally 
located  between  79  and  250  miles  from  the  DF  site.  All  signals  were  con¬ 
stant  carrier  without  modulation. 

In  the  34-mile  test,  the  Beverage  system  developed  usable 
patterns  only  when  ground  wave  was  present;  however,  usable  patterns 
were  obtained  a  greater  percentage  of  the  time  on  the  Doppler,  particularly 
when  ionospheric  conditions  were  stable.  When  polarization  rotation  was 
evident,  which  is  characteristic  of  steeply  downcoming  signals  (estimated 
75°  to  85°),  neither  system  was  effective. 
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In  the  100-mile  test,  useful  patterns  were  obtained  on  the 
larger  Beverage  array  A-II  with  elements  at  0.  1  meter  above  ground  for 
signals  below  about  6.  5  MHz.  The  performance  of  the  small  array  A-I 
at  1. 0-meter  height  was  judged  not  useful  for  DF  purposes.  Although  the 
Doppler  pattern  broke  up  considerably  during  the  tests,  whenever  the 
Doppler  did  "lock-in,  "  thedirection  was  judged  to  be  approximately  correct 
and  yielded  a  useable  bearing  a  greater  percentage  of  thetime  than  did  the 
Beverage  system. 

The  operators  observing  the  tests  preferred  the  Doppler 
pattern  to  that  of  the  Beverage  because  of  its  characteristic  of  giving  a 
stable  pattern  usually  only  when  propagation  conditions  were  favorable 
and  no  pattern  otherwise.  On  the  other  hand,  the  Beverage  pattern 
fluctuated  with  polarization  variations  and  demanded  more  pattern  inter¬ 
pretation  from  the  operator  as  to  when  to  take  a  bearing. 

The  above  tests  were  restricted  to  comparative  observations 
and  16-mm  motion  pictures  of  side-by-side  displays.  Bearing  accuracy 
tests  were  not  conducted  since  experience  had  already  shown  that  the 
pointing  accuracy  is  largely  influenced  by  the  ionospheric  conditions  such 
as  tilts  or  undulations  and  is  difficult  to  interpret  without  ionospheric 
flounder  data.  Therefore,  the  tests  were  limited  to  judging  pattern  quality  and 
how  often  a  useful  DF  pattern  was  obtained. 

The  results  of  the  MARS  tests  are  presented  in  Volume  II  of 
this  report  (Test  No.  4  and  the  Appendix). 


Procedure  for  Beverage  Antenna  Design  for  HF  DF 


The  following  antenna  design  procedures  are  based  upon  the  theoreti¬ 
cal  and  experimental  results  presented  in  this  report  (Volumes  I  and  II)  and 
the  reference  reports.  However,  the  instrumentation  for  a  direction  finder 
system  can  vary  according  to  its  purpose.  Suitable  instrumentation  is 
described  in  Appendix  I  and  Reference  2: 


(1)  Specify  frequency  range  fmin  i  f  <  fmax 


Specify  any  subrange  within  fmin  and  fmax  which  array 
performance  should  be  optimized.  fmin  <  f  <  fmax' 


(2)  Select  site.  * 


*High  conductivity  sites  are  preferred. 


(3)  Measure  earth  constants  tr  and  e. 


(4)  Specify  intercept  range  d,  in  miles,  dmin  <  d  <  dmax. 

(5)  Specify  antenna  length  L 

(a)  L  =  \/2  at  fmin  for  200  <  d  <  600  miles 

(b)  L  =  X./  1  at  fmin  for  600  <  d 

(6)  Specify  antenna  height,  hmax  =1.0  meter 

(a)  If  fmax  <  5  MHz,  then  0.  1  <  h  <  0.25  meter 

(b)  If  f'  •  <  5  MHz  and  f'  >  1 0  MHz,  then  0.25  <  h  < 

in  in  mdA 

1 . 0  meter 

(7)  Erect  a  single  antenna  on  site;  use  copperweld  ground  rod  at 
each  end  and  wooden  interior  support  stakes.  Insulate  the 
antenna  from  the  ground  rods  at  each  end;  connect  a  noninduc- 
tive  variable  resistor  R  at  one  one;  connect  an  impedance 
transformer  (4/1,  6/1  or  10/1,  transformation  ratio)  between 
antenna  and  ground  at  the  remaining  end. 

(8)  Using  a  swept  VSWR  technique,  adjust  the  variable  resistance 
R  for  flat  VSWR  response  over  frequency  range.  Measure 
value  of  R.  R  *  characteristic  impedance  of  antenna.  Unless 
antenna  is  on  the  ground,  the  VSWR  will  be  approximately 
constant  with  frequency. 

(9)  Determine  average  input  impedance  Z^n  to  transformer  by 
insertion  method  using  known  resistive  terminations  to  VSWR 
bridge. 

(10)  If  transformer  ratio  K  is  known,  then  KZjn  *  R. 

(11)  Specify  full  circular  or  sector  array. 

(a.)  Install  largest  array  diameter  possible  in  site  selected. 
Locate  antennas  along  radial  with  3°  maximum  spacing. 
Height  above  ground  as  specified  in  (6).  Terminate  all 
antennas  of  length  L  in  a  resistance  =  R  at  the  periphery 
of  the  array.  Connect  an  impedance  transformer  to 
inner  ends  of  all  antennas  such  that  R/K  =  characteristic 
impedance  coaxial  feedline  (50,  75,  90  or  100  ohms). 
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(12)  Instrument  the  ?.rray  for  direction  finding  and/or  intercept 
operation.  * 

(13)  If  local  transmitter  signals  interfere  with  normal  operation  of 
the  instrumentation,  design  filters  having  equal  input  and  output 
impedance  equal  to  Il/K. 

I.  The  Beverage  Antenna  as  a  Transmitting  Antenna 

Although  the  Beverage  antenna  has  low  radiation  efficiency,  its 
directivity  is  such  that  more  energy  per  unit  solid  angle  can  be  radiated 
in  the  direction  of  beam  maximum  than  from  a  resonant  monopole  on  or 
near  the  earth's  surface.  The  frequency  independent  characteristic  of  the 
Beverage  is  also  an  advantage  for  wideband  operation  and  operation  at  an 
optimum  frequency  to  meet  propagation  conditions. 

A  transmission  test  was  conducted  in  December  1965  between  the 
Institute's  field  site  in  San  Antonio  and  a  remote  receiving  site  in  California. 
Four  75-meter  Beverage  antennas  were  used  at  each  end,  spaced  approxi¬ 
mately  2°  apart,  and  less  than  1  meter  above  the  ground.  The  feed  of  all 
antennas  was  connected  in  parallel  to  a  transmitter  (180-watt  input  to  final) 
operating  between  14  and  14.  5  MHz.  Signal-to-noise  ratio  at  the  receiving 
antennas  was  greater  than  +50  dB.  An  adequate  signal  was  still  received 
after  the  transmitter  power  was  reduced  10  dB.  In  a  subsequent  te6t,  two- 
way  voice  communication  was  established  (using  the  Beverage  antennas  for 
transmitting  and  receiving)  with  equally  good  results. 

The  tests  described  were  conducted  after  a  review  of  the  literature 
uncovered  a  report,  written  shortly  after  World  War  II,  describing  success¬ 
ful  operarion  of  the  Beverage  antenna  as  a  transmitting  antenna  (around 
100  kHz)  on  Labrador  [  1 0 ] .  A  single  Beverage  outperformed  a  180-ft 
top  loaded  vertical  in  a  direction  where  the  vertical  plane  contained  the 
Beverage  wire. 

J.  AN/TRD-15  Site  Error 


Brief  tests  with  a  groundwave  target  have  shown  that  the  Doppler 
system  may  have  serious  site  error.  Tests  at  four  azimuths  as  a  function 
of  frequency  are  shown  in  Figure  37.  (The  indicator  was  calibrated  for 
zero  error  at  2.0  MHz).  Just  how  the  groundwave  6ite  error  might 
influence  skywave  reception  is  not  known;  however,  some  of  the  unusually 
large  mean  errors  in  the  bearing  studies  described  in  Volume  II  of  this 
report  might  be  accounted  for  in  this  manner. 


*A  complete  system  design  is  described  in  Appendix  I  and  Reference  2. 
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IGURE  37.  AN/TRD-15  BEARING  ERROR  VS  FREQUENCY  FOR 
GROUND  WAVE  AT  FOUR  AZIMUTHS 


IV.  CONCLUSIONS 


In  order  to  meet  security  requirements  for  this  contract,  the  final 
report  is  divided  into  Volumes  I  and  II;  Volume  I  containing  only  unclassified 
material  and  Volume  II  both  unclassified  and  confidential  material  concern¬ 
ing  measured  accuracies.  For  detailed  conclusions  regarding  accuracy, 
Volume  II  must  be  consulted;  however,  general  accuracy  conclusions  and 
all  others  are  presented  below: 

(1)  The  currently  completed  research  and  development  work  per¬ 
formed  since  late  1965  has  resulted  in  extensive  performance 
data  on  sensitivity,  impedance,  DF  accuracy,  array  size, 
antenna  height,  comparative  DF  measurements  with  an  AN/TRD- 
15  for  various  arrays  and,  where  appropriate,  single  antennas. 
An  experimental  model  of  a  Beverage  and  intercept  system 
sufficiently  complete  to  permit  operational  evaluation  under 
field  conditions  has  been  delivered. 

(2)  Extensive  new  computer  analysis  of  DF  accuracy  data  has  been 
completed  for  signals  representing  all  target  distance  range  . 

The  data  reveal  the  optimum  application  is  one  using  wider 
apertures  (large  feedpoint  radius),  lower  antenna  element 
heights  and  lower  elevation  angles  of  arrival.  Such  conditions 
produce  vhe  best  data  with  experienced  operators.  It  is  con¬ 
cluded  that  Beverage  arrays  of  the  type  studied  to  date  are  an 
important  contribution  to  applications  where  very  low  cost 
wide  aperture  performance,  tactical  or  permanent,  is  appro¬ 
priate  for  Wullenweber  type  commutation  and  where  accuracy 
performance  between  Adcocks  and  conventional  wide  aperture 
systems  is  required. 

(3)  Beverage  array  sensitivities  of  less  than  1.0  microvolt  per 
meter  for  10-dB  signal  plus  noise-to-noise  ratio  with  non- 
phased  digital  Wullenweber  type  commutation  have  been 
realized  in  practice.  Measured  DF  bearing  sensitivity  exceeds 
that  of  the  AN/TRD-15  (150-ft  diameter). 

(4)  The  digital  commutators  of  the  present  design  are  suitable  for 
control  and  programming  by  a  digital  computer.  A  real  time 
system  using  adaptive  processes  would  be  compatible  with  the 
present  design  and  would  be  the  most  direct  means  of 
utilizing  the  commutator  flexibility  in  the  present  design.  The 
commutator  permits  manual  selection  of  the  number  of  elements 
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summed  or  scanned,  scan  rate,  phasing  of  elements,  the  array 
element  distribution,  amplitude  of  elements  and  other  design 
factors  usually  permanently  fixed  in  a  rotating  commutator 
design  of  the  Wullenweber  type.  Although  the  present  digital 
design  has  two  rotating  elements  to  provide  a  clock  and  sine- 
cosine  sweep  for  CRT  presentation,  design  details  for  all 
electronic  digital  commutators  have  been  completed.  Use  of 
electronic  commutation  with  the  AN/FRD-10  instrumentation 
could  be  accomplished  with  very  little  modification  of  the 
existing  circuits. 

(5)  The  present  digital  commutator  design  has  achieved  high 
element  to  element  isolation,  reduction  in  switching  transients 
below  the  system  noise  levels,  satisfactory  gain  in  each 
antenna  circuit,  and  the  realization  of  predicted  array  gains 
and  beamwidths  in  practice  over  the  2  to  30-MHz  range.  Field 
experiments  have  not  as  yet  been  performed  with  digital  com¬ 
mutation  for  external  phasing  of  elements.  Beamwidth  and 
sensitivity  improvements  have  been  obtained  only  by  the  direct 
summation  of  antenna  inputs;  however,  the  use  of  two  com¬ 
mutators  with  offset  beams  and  differentially  connected  out¬ 
puts  (180®  phase)  has  resulted  in  very  narrow  null  mode 
patterns.  Differential  commutation  also  results  in  specialized 
improved  performance  on  skywave  signals  since  a  quality  null 
forms  only  when  the  received  signal  field  is  symmetrical  on 
either  side  of  the  boresight  path.  Such  nulls  form  at  nearly 
the  same  azimuth  regardless  of  the  rate  of  fade  or  bearing 
swing  noted  on  max-type  displays. 

The  extremely  narrow  beams  obtained  by  caoacitive  rotating 
fixed  design  goniometers  in  typical  Wullenweber  systems  have 
not  as  yet  been  attempted  with  digital  commutation;  however, 
a  design  based  on  voltage  variable  delay  lines  (or  other 
digitally  controlled  techniques)  and  the  present  electronic 
commutator  is  feat  ole  for  adaptive  computer  control. 

(6)  An  automatic  bearing  readout  has  been  incorporated  in  the 
delivered  digital  commutator.  The  instrumentation  provides 
for  either  placing  an  electronic  cursor  (intensity  modulated 
strobe)  over  the  displayed  array  pattern  or  rotating  the  display 
until  it  is  bisected  by  a  vertical  line  on  the  CRT.  In  both 
instances,  a  digital  counter  provides  a  decimal  readout  of 
azimuthal  rotation  of  cursor  or  pattern  in  degrees  relative  to 
true  north  to  0.  1®  resolution. 
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(7)  In  general,  the  Beverage  systems  investigated  are  not  recom¬ 
mended  for  direction  finding  on  skywave  signals  arriving  at 
elevation  angles  estimated  to  be  greater  than  60°  to  65°  for 
frequencies  greater  than  3  to  4  MHz.  This  is  based  on  a  rapid 
increase  of  Beverage  antenna  array  polarization  error  with 
increasing  high  elevation  angle.  When  rapid  polarization 
rotation  occurs  at  high  angles  of  arrival,  observed  bearings 
tend  to  follow  the  polarization  ellipse  making  accurate  bearings 
difficult.  However,  for  lower  angles  where  the  antenna 
response  to  horizontal  polarization  is  very  much  less  than  to 
vertical,  the  observed  DF  patterns  fade  on  bearing. 

(8)  Theoretical  and  experimental  research  at  SwRI  since  1961 
has  sho'vn  the  Beverage  antenna  useful  as  a  low  cost  element 
over  the  entire  high  frequency  band  over  soils  of  relatively 
high  conductivity  (as  well  as  low  as  is  to  be  expected).  The 
antenna  is  essentially  frequency  independent  with  an  endfire 
unidirectional  pattern  aperiodically  maintained  over  the 

1  to  30-MHz  range.  The  antenna  is  aperiodic  over  at  least  a 
five-octave  frequency  range  where  its  length  is  greater  than 
one -half  wavelength.  The  practical  upper  frequency  limit  has 
not  been  determined. 

The  Beverage  antenna  can  be  effectively  impedance  matched 
by  resistive  termination  with  no  discontinuity  or  resonances. 
The  input  impedance,  almost  totally  resistive  and  uniformly 
flat  over  the  frequency  range  of  interest,  can  be  easily  trans¬ 
formed  to  any  standard  feed  cable  impedance  with  a  standing 
wave  ratio  of  less  than  1.25/1.  The  aperiodic  characteristic 
is  an  important  advantage  in  the  design  and  operation  of  direc¬ 
tion  finder  instrumentation  (impedance  transformers,  filters, 
multicouplers,  power  dividers  and  commutators ). 

(9)  The  low  profile  of  the  Beverage  array  is  an  advantage  both 
from  a  tactical  and  an  installation  cost  standpoint.  Material 
cost  for  an  antenna  element  such  as  that  described  in 
Appendix  I  (page  1-31)  is  now  less  than  $40.00.  After  pre¬ 
assembly  such  as  that  shown  in  Figure  13  of  Appendix  I, 
installation  time  for  two  men  is  less  than  30  minutes  per 
antenna  assembly.  Although  in  nearly  all  installations  to  date 
uninsulated  copper  wire  has  been  used  for  the  antenna,  oxide 
formation  on  the  wire  has  prevented  deterioration  in  Perfor¬ 
mance  as  a  result  of  antenna  contact  with  grass  or  other 
growth.  Test  antennas  of  insulated  wire  showed  no  improve¬ 
ment  at  the  SwRI  sites. 
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(10)  The  complete  mathematical  model  of  the  circular  Beverage 
array  has  been  programmed  for  a  digital  computer.  A  vast 
amount  cf  data  has  been  calculated  to  investigate  the  effects 
of  various  earth  constants  antenna  lengths,  height  above 
ground  multielement  summation,  array  phasing  and  array 
geometry  might  have  upon  the  field  patterns  (azimuth  and 
polar)  as  a  function  of  frequency  and  wave  polarization.  The 
phase  characteristic  of  the  antenna  pattern  as  a  function  of 
azimuth,  elevation  and  frequency  permits  conventional  design 
of  phased  arrays  for  optimally  narrow  beamwidths  where 
appropriate. 

(11)  The  engineering  design  of  the  Beverage  antenna  array  can  be 
adjusted  to  meet  specific  site  requirements.  The  antenna 
need  not  be  greater  than  one  wavelength  long  (one-half  wave¬ 
length  will  produce  a  slight  sacrifice  in  front  to  back  ratio) 

or  greater  than  1  meter  above  the  ground  For  a  fixed  array 
size,  reduced  beamwidth  and  increased  sensitivity  is  realized 
by  using  short  antennas  and  a  large  feedpoint  radius  rather 
than  long  antennas  with  a  short  feedpoint  radius. 

The  loss  in  single  element  sensitivity  as  the  element  length  is 
decreased  can  be  quickly  overcome  by  arraying  of  elements 
for  minimum  beamwidths  because  more  elements  can  be 
arrayed  with  the  shorter  elements  than  longer  ones  before 
deterioration  in  beamwidth  is  noted. 

The  optimum  method  would  be  to  place  the  feedpoints  at  the 
outer  end  of  the  antenna;  however,  the  improvement  does  not 
appear  to  justify  the  increased  cost  of  feed  cables.  On  the 
other  hand,  an  increase  in  array  utilization  efficiency  by  a 
factor  of  two  can  be  realized  if  the  antenna  i°  fed  at  each  end. 
No  directivity  problem  exists  if  the  feed  cable  and  commutator 
circuits  (or  multicouplers)  terminate  the  antenna  since  the 
antenna  is  directional  away  from  the  feedpoint  towards  the 
terminated  end.  It  should  be  noted  that  dual  independent 
commutation  is  required. 

As  the  antenna  height  is  decreased  to  zero,  the  antenna 
sensitivity  increases  at  the  lower  frequencies  but  decreases 
more  rapidly  at  the  higher  frequencies.'  A  good  compromise 
is  about  0.  5  meter. 
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(12)  Because  of  its  directivity,  the  Beverage  antenna  is  a  useful 
transmitting  antenna  either  singly  or  arrayed.  Its  aperiodic 
characteristic  permits  wideband  coupling  to  the  transmitter. 

(13)  Pattern  interpretation  is  much  easier  on  a  10-in.  display 
area  such  as  the  AN/FRD-10  indicator  than  on  a  4-in.  area 
of  the  IP  137  indicators.  Side  lobe  symmetry  is  more  readily 
recognized  on  the  larger  display  providing  indication  of  mini¬ 
mum  horizontally  polarization.  In  addition,  the  AN/FRD-10 
display  of  only  the  detected  video  rather  than  video  plus  sub¬ 
carrier  common  to  the  IP  137  indicator  aids  pattern  interpreta¬ 
tions  by  the  DF  operator. 

(14)  Reviewing  previous  reporting,  the  wave  or  Beverage  antenna  is 
a  resistively  terminated  horizontal  transmission  line  using 

the  earth  in  the  return  circuit.  The  antenna  is  erected  on  or 
just  above  the  surface  of  the  earth  and  operates  in  the  traveling 
wave  mode.  Under  conditions  which  are  easily  realizable 
at  practical  sites,  it  is  an  aperiodic  antenna  exhibiting  an  end- 
fire  unidirectional  radiation  pattern  with  a  maximum  in  a 
direction  along  the  wire  away  from  the  receiving  end  or  towards 
the  terminated  end. 

The  attenuation  increases  and  velocity  ratio  decreases  as  the 
antenna  neight  approaches  zero  (attenuation  and  velocity  ratio 
both  increase  with  increase  in  frequency).  The  attenuation 
factor  is  an  advantage  because  (1)  the  line  appears  to  approach 
an  infinity  long  characteristic  from  the  input  terminals  as 
frequency  increases,  (2)  the  effect  of  reflections  from  the 
terminating  resistor  (in  practice,  the  exact  characteristic 
impedance  is  not  realized)  is  reduced,  thereby  improving  the 
front  to  back  ratio,  (3)  the  effect  of  the  attenuation  factor  is 
to  reduce  the  active  region  (effective  electrical  length)  of  the 
antenna  toward  the  feedpoint  end  as  frequency  increases  which 
improves  the  antenna  performance  over  a  wider  frequency 
range. 


V.  RECOMMENDATIONS 


1.  An  operational  evaluation  (or  equivalent  testing)  of  the  transportab!0 
Beverage  Direction  Finder  System  should  be  conducted. 

2.  Development  of  the  digital  commutator  should  be  continued  to  provide: 
(1)  external  array  phasing  by  digital  methods  to  approximate  Wullen- 
weber  operation,  (2)  miniaturization  using  integrated  circuits, 

(3)  development  of  control  logic  for  operation  and.  programming  by 
a  digital  computer  leading  toward  an  adaptive  sy  item,  (4)  Doppler 
scanning  of  circular  arrays  as  an  option,  (5)  optional  sector  scanning 
and  sum  and  difference  scanning. 

3.  Applicability  of  the  antenna  array  to  hardened  sites  should  be  pursued 
with  an  engineering  design. 

4.  The  theory  of  Beverage  antennas  over  poorly  conducting  soils  should 
be  improved. 

5.  DF  performance  on  poor  sites  which  might  be  available  in  tactical 
situations  should  be  determined.  This  should  include  terrain  irregu¬ 
larities,  conductivity  discontinuities,  stratified  earth  sites,  and 
forested  areas. 
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4.  INTRODUCTION 


4.  1  Scope 

This  manual  contains  instructions  for  the  installation,  operation  and 
maintenance  for  an  experimental  model,  transportable,  wide  aperture  radio 
direction  finder  system  using  a  circular  array  of  Beverage  antennas  and 
digital  commutation  designed  and  assembled  by  Southwest  Research  Institute 
at  San  Antonio,  Texas,  Instructions  and  recommendations  are  included  for 
the  following: 

(1)  Site  selection, 

(2)  Installation  of  antenna  elements, 

(3)  Installation  and  operation  of  the  electronic  equipment, 

(4)  Check-out  procedures  required  to  assure  correct  operation 
of  the  system, 

(5)  Operating  procedure,  and 

(6)  Basic  troubleshooting. 

All  equipments  necessary  to  operate  the  direction  finder  set  are 
included  in  the  delivered  system  with  the  exception  of  a  shelter  for  the 
electronic  equipment,  120-volt  60-cycle  power  unit  and  test  equipment. 

4.  2  Descriptive  Data 

4.  2.  1  General 


The  Beverage  radio  direction  finder  set  is  a  complete  transportable 
wide  aperture  radio  direction  finding  system  that  covers  the  frequency  range 
of  2  to  30  me  with  facility  for  direction  finding,  intercept  reception,  com¬ 
munications  reception,  and  frequency  measurement.  The  Beverage  antenna 
array  has  flexibility  to  meet  widely  varying  field  conditions  to  provide  com¬ 
plete  azimuthal  or  selected  sector  coverage  as  desired*.  It  is  intended  for 
fixed  station  radio  direction  finding  and  intercept  on  either  ground  wave  or 
sky  wave  signals.  A  typical  installation  using  the  Beverage  antenna  array 


*Only  radio  direction  finder  and  intercept  modes  of  operation  using  full  circular 
arrays  will  be  discussed  in  these  instructions. 
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and  ancillary  equipment  is  sketched  in  Figure  1.  The  electronic  equipment 
is  housed  in  a  shelter  (not  furnished)  located  centrally  to  the  circular  antenna 
array. 

4.2.2  Antenna  and  Array 

The  Beverage  antenna  element  is  a  single  wire  terminated  transmission 
line,  using  the  earth  as  the  return  circuit,  that  is  installed  parallel  to  and 
just  above  the  earth's  surface.  One  end  of  each  antenna  element  is  terminated 
by  a  resistance  (terminated  end)  to  ground  (earth),  while  the  remaining  end 
(feedpoint)  is  terminated  with  an  impedance  transformer  to  transform  the 
antenna  impedance  of  470  ohms  (nominal)  to  75  ohms  for  a  coaxial  feedline 
to  the  instrument  shelter.  A  sketch  of  one  antenna  assembly  is  shown  in 
Figure  2. 

The  antenna  array  is  composed  of  180  horizontal  wire  antennas 
75  meters  in  length,  located  parallel  to  and  0,25  meter  (10  inches)  nominal 
above  the  earth's  surface.  A  sketch  of  the  relative  antenna  positions  w‘th 
respect  to  the  equipment  shelter  was  shown  in  Figure  1;  a  photograph  of  a 
section  of  a  circular  array  is  shown  in  Figure  3  and  typical  installation  of  two 
elements  in  Figure  4. 

4.  2.  3  Instrumentation 


The  DF  instrumentation  shown  in  Figure  5  includes  modified  parts  and 
components  from  an  AN/TRD-4A  DF  set  and  various  laboratory-built  parts 
with  some  commercial  subassemblies.  A  cathode  rav  tube  (CRT)  indicator 
in  conjunction  with  a  solid  state  digital  commutator  is  used  for  DF  determi¬ 
nations  (aural  maximum  indication  is  used  for  intercept  operation).  The  CRT 
display  has  positive  bearing  sense  at  all  times. 

Transistor  switches  (RF  Amplifier-Gates)  in  each  antenna  circuit  may 
be  operated  manually  for  intercept  or  driven  by  the  electronic  system  for 
DF  operation  and  is  adaptable  for  use  by  relatively  unskilled  operators.  A 
115-volt  60-cycle  power  source  is  required  for  operation  of  the  DF  set  (not 
furnished). 

4.2.4  Systems  Application 

One  direction  finding  set  can  intercept  and  determine  the  bearing  of 
the  transmitter.  Bearings  to  individual  transmitting  stations  are  logged  in 
degrees  azimuth  to  determine  a  fix  on  a  transmitter.  Simultaneous  signals 
on  the  same  frequency  may  be  separated  as  long  as  the  azimuthal  separation 
between  arriving  signals  is  at  least  a  few  degrees. 
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FIGURE  1.  PARTIAL  PLAN  OF  CIRCULAR 
BEVERAGE  ARRAY 


FIGURE  3.  SECTOR  VIEW  OF  CIRCULAR 
ARRAY  OF  BEVERAGE  ANTENNA 
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FIGURE  4.  TYPICAL  INSTALLATION  OF  ELEMENTS 
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12.5  Basic  Principle 

The  Beverage  antenna  array  is  sequentially  scanned  with  a  multi¬ 
input  beam  forming  digital  commutator.  The  number  of  antennas  used  to 
form  a  beam  and  their  relative  azimuthal  positions  can  be  selected  as  desired 
by  the  DF  operator.  A  monitor  receiver  is  tuned  to  the  desired  frequency 
for  the  signal  from  which  a  bearing  is  desired.  The  electronic  system 
generates  a  CRT  polar  display  that  presents  a  synthesized  pattern  of  the 
antenna  beam  formed  by  the  commutator.  The  CRT  is  observed,  and  the 
azimuth  direction  to  the  transmitting  station  is  read  directly  from  a  mechan¬ 
ical  alidade  (see  TM-1 1-688)  mounted  in  front  of  the  CRT  or  via  an  automatic 
bearing  digital  readout.  A  block  diagram  of  the  system  is  shown  in  Figure  6. 
Details  of  the  beam-forming  electronics,  typical  CRT  patterns,  and  bearing 
determination  system  are  given  in  Section  7. 

4.2.6  Technical  Characteristics^ 


(1)  Frequency  range:  2  to  30  MHz. 

(2)  Site  area  requirements:  Minimum  100  X  100  meters; 

Maximum  200  X  200  meters. 

(3)  Antenna,*  Horizontal  wire  type  -  terminated  transmission  line; 
length  -  75  meters  No.  14  AWG  copperweld  wire:  height  above 
ground  -  0.25  meter. 

(4)  Principle  of  operation:  Traveling  wave  mode  utilizing  the  energy 
contained  in  the  component  of  a  vertically  polarized  signal  that 
lies  in  the  plane  of  incidence  and  parallel  to  the  ground. 

(5)  Array  orientation:  Recommended  azimuthal  spacing  between 
antenna  elements  is  2*.  The  most  freauently  used  antenna  array 
is  a  circular  array  composed  of  180  elements  located  radially 
from  a  common  center  at  the  equipment  shelter  with  a  positive 
radius  for  the  feedpoint  end  of  each  element. 

(6)  Commutation:  Electromechanical  -  motor  driven  optical  shaft 
encoder  provides  3600  pulses  per  shaft  revolution,  to  drive 
180-stage  digital  shift-register  ring  counter,  ea;h  stage  of 


cThe  specifications  stated  are  typical  for  the  system  furnished.  Other 
array  dimensions,  antenna  length  and  height  above  ground  and  frequency 
of  operation,  etc.,  can  be  adjusted  to  meet  specific  requirements.  See 
Final  Report  ContractNObsr  89345  to  be  published  July  1967. 
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FIGURE  6.  BLOCK  DIAGRAM  OF  BEVERAGE  DF  SYSTEM 


which  controls  the  on-off  state  of  a  specific  transistor  gate  in 
a  specific  antenna  circuit. 


(7)  Accuracy:  Instrumental  accuracy  of  the  system  furnished  is 
less  than  0.  25°  . 

(8)  Radio  receiver:  R390/URR. 

(9)  Power  input  requirements:  less  than  1500  watts,  115  volts, 
single  phase  60  Hz  without  heater  or  air  conditioner  (both 
heater  and  air  conditioner  are  recommended,  however). 

4.  2.  7  Applicable  Literature 

For  complete  coverage,  the  following  additional  instruction  literature 
is  required: 

(1)  TM-1 1-688  for  information  pertaining  to  DF  set  AN/TRD-4A. 

NOTE:  The  IP  137/GRD  indicator  has  been  modified  for 
Beverage  use. 

(2)  TM-1 1-856  covering  radio  receiver  R390/URR. 

(3)  "An Experimental  Beverage  Antenna  Array  for  Land  Based 
Direction  Finding  between  1.5  and  30  me,  "  U.  S.  Army 
Contract  No.  DA  36-043  AMC  02346(E),  Southwest  Research 
Institute,  Final  Progress  Report,  30  September  1964. 

(Describes  theory  of  operation  of  the  Beverage  antenna  array 
and  electronic  equipment;  development  of  the  theory  of  the 
antenna  is  described  in  detail  in  Appendix  F  of  the  report. ) 

(4)  Instruction  book  for  the  Nobotron  power  supply  Model  225-200B. 

(5)  Instruction  book  for  Kepko  Power  Supplies. 

(6)  Instruction  book  for  Wayne  George  Optical  Shaft  Encoder. 

4.2.E  Definitions 


Refer  to  TM-1 1-688. 

4.2.9  Nomenclature  Assignments 

Throughout  this  manual,  a  component  may  be  referred  to  either  by 
nomenclature  or  its  common  name  as  follows: 


v- 
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Nomenclature 


Common  Name 


Beverage  Antenna  Array 
Beverage  Antenna 
High  Pass  Filter 
RF  Switch 

Solid  State  Digital  Commutator 
Shift  Register  Ring  Counter 
Radio  Receiver  R390/URR 

Azimuth  Indicator  (Mod)  IP  137/GRD 

Bearing  Indicator 

Electronic  Bearing  Marker 
Indicator  Goniometer 
Optical  Shaft  Encoder 

Synchronizing  Pulse 
Shelter 

Electronic  Equipment 
Electronic  Equipment  Cabinets 


Antenna  Array,  Beverage  Array 

Antenna,  Element,  Antenna  Element 

HP  Filter,  Filter,  Antenna  Filter 

RF  Gate,  RF  Amplifier  -  Gate, 
Antenna  Gate,  RF  Switch 

Commutator,  Digital  Commutator 

Ring  Counter 

DF  Receiver,  Intercept  Receiver, 
Communications  Receiver,  R390 

Azimuth  Indicator,  Indicator,  CRT 
Display 

Bearing  Indicator,  Decimal  Readout, 
Electronic  Bearing  Indicator 

Electronic  Alidade,  Strobe,  Cursor 

Goniometer,  Gonio 

Optical  Pulse  Generator,  Clock, 
Trigger  Source 

Sync  Pulse,  Sync,  Zero  Sync 

Shelter 

Instrumentation 

Relay  Racks,  Racks,  Cabinets 


Test  Pulse  Generator 


Test  Generator,  Slow  Clock 


4.2.10  Recommended  Laboratory  Instruments^ 

(1)  Signal  Generator  -  HP  606A  or  AN/URM  25D. 

(2)  Dual  Beam  Oscilloscope  -  Tektronix  551  or  equivalent. 
True  RMS  Voltmeter  -  Ballentine  320A. 

Multimeter  -  Simpson  Model  260. 


(3) 

(4) 

(5) 


Sweep  Generator  -  Telonic  SM  2000  with  LH2M  Head  and 
XD-4A  detector. 


(6)  VSWR  Detector  -  Telonic  TRB-1  with  1/1,  1.2/1,  1.5/1, 
1.8/1  and  2.0/1  calibrated  mismatches. 

(7)  Noise  Figure  Meter  -  Kay  Model  3000. 

(8)  Attenuators  -  Kay  31-0. 

(9)  Test  Generator  -  (Furnished). 

(10)  VTVM-RCA  WV98C. 

A  surveyors  transit  and  measuring  chain  are  required  but  not 
furnished  for  installation  of  the  ai.tenna  array. 


5.  DETAILED  SYSTEM  DESCRIPTION 


5.  1  Beverage  Antenna  Array 

(1)  The  Beverage  antenna  system  consists  of  180  horizontal  antennas 
radially  positioned  around  an  equipment  shelter  as  sketched  in 
Figure  7.  Each  antenna  is  held  in  position  by  two  ground  rods, 
one  at  each  end  of  the  antenna,  and  five  wooden  support  stakes 
(Figure  2).  The  circles  of  ground  rods  determine  the  inner  and 
outer  array  radius.  The  radial  spacing  between  antenna  ele¬ 
ments  is  generally  2*  but  may  be  1  ° ,  3°,  ‘±°,  or  6°^.  The 
ground  rods  anchoring  the  inner  ends  of  the  antennas  form  a 
circle  of  control  radius  with  respect  to  the  electronic  system 

in  the  shelter. 

(2)  The  physical  size  of  the  Beverage  antenna  array  will  be  deter¬ 
mined  by  the  site  selected.  Minimum  outer  radius  the  system 
furnished  that  can  be  used  is  100  meters  (328  feet)  from  the 
center  of  the  shelter  to  the  outer  ground  rods  for  any  antenna 
element.  The  maximum  outer  radius  is  190  meters  (620  feet). 

NOTE:  The  system  performance  is  improved  as  the  array 
size  (radius)  is  increased;  therefore,  the  largest  possible 
array  that  can  be  installed  in  a  particular  location  is 
strongly  recommended. 

The  exact,  array  size  is  not  critical,  but,  once  selected,  param¬ 
eter  measurements  that  can  be  used  to  check  the  accuracy  of 
the  installation  are  given  in  a  nomogram.  The  instructions  are 
based  upon  the  installation  of  a  complete  circular  array  with 
elements  evenly  spaced  in  the  azimuth  and  conforming  to  the 
physical  lengths  determined  from  the  nomograph  as  measured 
from  the  center  of  the  array  beneath  the  shelter. 

(3)  To  effectively  cover  the  frequency  range  of  2  to  30  MHz,  the 
antenna  is  furnished  with  an  impedance  matching  antenna  trans¬ 
former  at  the  inner  end  of  the  antenna  element  and  a  470-ohm 
terminating  resistor  at  the  outer  end  that  is  connected  to  a 


4 

If  a  1  *  azimuthal  spacing  is  desired,  a  180*  sector  only  may  be  erected  with 
the  equipment  and  components  furnished;  however,  certain  other  adjustments 
are  required  that  are  beyond  the  scope  of  this  manual. 
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FIGURE  7.  BEVERAGE  ANTENNA  ARRAY  AND  ELECTRONIC 

EQUIPMENT  SHELTER 


ground  rod.  The  VSWR  at  antenna  feedpoint  is  less  than  1.25/1 
for  the  frequency  range  of  2  to  32  MHz. 

(4)  Each  antenna  element  is  connected  to  the  processing  equipment 
through  a  127-meter  length  of  RG59/U  coaxial  cable  that  extends 
between  the  antenna  transformer  and  the  equipment  shelter. 

Each  coaxial  feed  cable  is  connected  to  a  specific  high  pass 
filter  marked  to  correspond  to  a  given  antenna  number  and/or 
azimuth. 

CAUTION:  All  cables  have  been  phase  matched  to  the 
same  electrical  length;  therefore,  it  is  important  not  to 
whip,  jerk  or  otherwise  stretch  the  cables  during 
installation. 

(5)  Details  of  an  antenna  circuit  are  shown  in  Figures  2  and  4  and 
8  through  15,  and  the  components  for  one  antenna  circuit  are 
tabulated  in  Table  I.  (A  block  diagram  of  the  complete  system 
was  shown  in  Figure  6.)  Figures  2  and  4  show  a  typical  instal¬ 
lation  of  an  antenna  element,  and  Figure  8  is  a  schematic  cross 
section  of  a  complete  antenna  circuit. 


FIGURE  8.  CROSS  SECTION  OF  ONE 
ANTENNA  CIRCUIT 


Figures  9  and  10  are  datail  views  of  the  antenna  terminations 
and  ground  connections  -  feedpoint  with  matching  transformer 
and  termimation  end  with  470-ohm  resistors,  respectively. 
Figures  11  and  12  show  the  termination  assemblies  in  greater 
detail.  A  complete  antenna  assembly,  including  feed  cable 
and  reel,  ready  for  installation,  is  shown  in  Figure  13.  Details 
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GROUND 


FIGURE  9  DETAILS  OF  FEEDPOINT  ASSEMBLY 


FIGURE  10.  DETAILS  OF  TERMINATION  AT  OUTER  RADIUS 


FIGURE  11.  ANTENNA  TERMINATION  DETAILS 
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FIGURE  13.  COMPLETE  ANTENNA  ASSEMBLY 
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TABLE  I.  BEVERAGE  ANTENNA  ARRAY  COMPONENTS 


Antenna  wire  No.  14  AWG  copperweld  annealed  wire 

Copperweld  ground  rods  1/2 -inch  diameter  X  36  inches 

Ground  clamps 

Johnson  insulators  type  104 

470  -  1W  -  10-percent  terminating  resistor 

Transformer  torroid  -  Ferroxcube 

(4  -turns  bifilar  wound  No.  32  Formvar) 

Transformer  box  -  Pomona  No.  2397 

RG  59/U  coaxial  cable 

BNC  UG  260  B/U  connectors 

BNC  bulkhead  fitting 

Filter  components  -  torroids  (3),  capacitors  (4), 
printed  circuit  board,  box 

RG  179/U  coaxial  cable 

1-inch  X  2-inch  X15-inch  wooden  support  stakes 

Miscellaneous  parts,  potting  compound,  terminals, 
ground  terminals,  tape 


75  meters 
2  each 
2  each 
2  each 
1  each 

1  each 

1  each 

127  meters 

2  each 

3  each 

1  set 
5  meterr 
5  each 


of  the  high  pass  filter  are  shown  in  Figure  14  and  of  the  transis¬ 
tor  RF  gate  in  Figure  15. 

5.  2  Electrical  Equipment 

The  instrumentation  described  in  the  block  diagram  of  Figure  6  is 
contained  in  two  equipment  racks  shown  in  Figure  16.  The  cabinets  are  con¬ 
structed  of  reinforced  steel  frame  approximately  21  inches  wide,  72  inches 
high  and  25  inches  deep  with  rear  access  doors  and  side  panels  that  may  be 
removed  for  access  to  the  equipment  during  installation  and/or  servicing. 

It  is  recommended  that  the  doors  and  panels  be  kept  in  place  during  operation. 

5.  2.  1  Electrical  Equipment  Cabinet  No.  1 

The  equipment  shown  in  Cabinet  No.  1,  Figure  16  from  top  to  bottom 
is  as  follows: 

(1)  Indicator  goniometer  and  optical  generator  chassis  (modified). 

(2)  IP  137/GRD  azimuth  indicator  chassis  (modified)  with  power 
supply. 

(3)  R390/URR  radio  receiver. 

(4)  Power  supply  panel. 

(5)  Voltage  regulator  with  voltage  and  frequency  meters,  and  master 
power  switch  for  60-cycle  power  to  all  equipments. 


5.2.2  Electrical  Equipment  Cabinet  No.  2 


The  equipment  shown  in  Cabinet  No.  2,  Figure  16,  from  top  to  bottom 
is  as  follows: 

(1) 

Two  Kepco  Model  ABC-7,  5-2  power  supplies. 

(2) 

Electronic  Module  Corp.  Model  0631.5  power  supply. 

(3) 

Technipower  Model  MP/  19.  2-6.0  power  supply  and  commutator  v 

AC  power  switch. 

(4) 

Beam  forming  control  (shift  register  ring  counter)  panel  with 
indicators  and  beam  forming  switches. 
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(5)  Logic  control  panel  and  digital  bearing  readout  indicator. 

(6) ,  (7)  RF  gates  for  antenna  element  switching.  The  back  view 

of  each  cabinet  is  shown  in  Figure  17. 

5.2.3  Azimuth  Indicator 


The  azimuth  indicator  used  in  the  DF  system  is  a  modified  IP  137/GRD 
used  in  the  AN/TRD-4A  DF  set.  Refer  to  TM-1 1-688,  page  22,  for  the  basic 
information.  Electrical  modifications  to  adapt  the  indicator  into  the  Beverage 
DF  system  are  described  in  Section  9.1. 

5.2.4  Radio  Receiver 


An  R390/URR  radio  receiver  is  used;  refer  to  TM-11-688. 
5.  2.  5  Goniometer  Chassis 


The  goniometer  chassis  contains  an  indicator  goniometer  and  an  opti¬ 
cal  shaft  encoder  with  associated  electronics  as  shown  in  Figure  18.  The 
basic  chassis  is  described  in  TM-11-688;  however,  the  goniometer  drive 
was  modified  to  accommodate  an  optical  pulse  generator  (shaft  encoder)  and 
60 -Hz  synchronous  motor  with  gear  belt  drive  rotating  at  600  rpm,  The 
optical  pulse  generator  is  mechanically  synchronized  to  the  goniometer  shaft 
for  positive  encoding  operation.  The  optical  encoder  provides  a  pulse  for 
each  0.  1°  increment  of  goniometer  shaft  rotation,  i.  e.  ,  3600  per  revolution, 
that  become  the  "clock"  or  trigger  pulses  for  the  digital  commutator. 

5.2.6  Digital  Commutator^ 

The  primary  function  of  the  digital  commutator  is  to  sample  the  inputs 
from  array  of  circularly  disposed  but  identical  elements  in  a  programmed 
manner  and  to  provide  a  means  whereby  the  amplitude  and/or  phase  of  the 
sampled  signals  can  be  displayed  in  synchronism  with  a  circular  sweep 
applied  to  cathode  ray  tube®.  The  objective  is  to  display  a  synthesized 
antenna  field  pattern  (azimuth  plane)  based  upon  the  assumption  that  all 


%ee  Reference  listed  in  Section  4.2.7-(3)  for  complete  details  and  theory. 
^Although  the  system  was  developed  to  operate  in  synchronism  with  the 
circular  sweep,  it  is  equally  useful  with  a  linear  sweep  system  (A -scan) 
such  as  an  ordinary  oscilloscope  in  which  the  sweep  is  triggered  by  the  sync 
pulse.  No  modification  to  the  system  is  required;  the  diode  load  output  of 
the  R390/URR  receiver  is  applied  to  the  vertical  input  of  the  CRT,  and  the 
sync  pulse  from  the  encoder  is  used  to  trigger  the  scope. 
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elements  have  identical  response  in  both  horizontal  and  vertical  planes  and 
are  equally  spaced  in  azimuth.  The  digital  commutation  system  furnished 
will: 


(1)  Commutate  a  circular  array  of  180  antenna  elements,  with  an 
element  located  every  2®  azimuth,  by  turning  ON  or  OFF 

180  RF  switches  one  per  antenna  circuit  in  a  sequential  and 
programmed  manner.  It  will  commutate  a  beam  formed  by  the 
summation  of  selected  numbers  of  antennas  (with  any  desired 
separation  between  sampled  antenna  inputs)  sequentially  and 
repetitively  through  360®  azimuth. 

(2)  Enable  the  observed  bearing  of  a  received  signal  to  be  automati¬ 
cally  read  out  in  decimal-digit  form. 

(3)  Enable  the  rotating  beam  to  be  stopped  in  the  boresight  direc¬ 
tion  for  intercept  operation. 

The  present  technique  employs  a  transistor  RF  switch  or  gate  inserted 
in  each  antenna  circuit.  The  ON-OFF  state  of  each  gate  is  controlled  by  the 
logic  state  of  a  flip-flop  with  each  antenna  circuit  associated  with  a  specific 
shift  register  type  flip-flop  and  RF  gate.  The  flip-flops  are  connected  as  a 
ring  counter  (180-stage  ring  counter)  to  allow  for  continuous  scan. 

5.  2. 6.1  Ring  Counter 

The  purpose  of  the  ring  counter  is  to  turn  the  RF  switch  ON  or  OFF  in 
a  programmed  manner.  There  is  one  counter  stage  per  RF  gate. 

5.  2. 6.  2  Logic  Control  Circuits 

Logic  control  circuits  steer  the  clock  or  trigger  pulses  from  the 
optical  shaft  encoder  to  the  ring  counter  and  other  counter  circuits.  Circuits 
to  synchronize  the  clock  pulses  with  the  external  signal  processing  and  dis¬ 
play  circuits  are  included. 

5.  2.  6.  3  RF  Gate  Switch  or  Gate 

There  is  one  transistor  switch  in  series  with  each  RF  input.  All 
switch  outputs  are  connected  in  parallel  to  the  common  receiver  input. 
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5.2.7  Cables 


Cables  required  to  adapt  the  AN/TRD-4A  set  into  the  Beverage  antenna 
array  system  and  associated  interconnecting  cables  are  described  in  Section  6. 

5.  3  Shelter 

A  shelter  is  not  furnished  with  the  system;  however,  drawings  of  a 
suggested  installation  of  equipment  in  an  S-44  type  shelter  are  furnished  as 
part  of  this  manual  (Reference  should  be  made  to  the  installation  guides  of 
TM-1 1-688.) 


6.  INSTALLATION 


6.  1  General  Installation  Instructions 


It  is  the  purpose  of  the  following  instructions  to  provide  a  methodical 
and  efficient  system  for  the  erection  of  the  planned  antenna  array.  Prelim¬ 
inary  tests  have  shown  the  necessity  for  following  a  particular  sequence  of 
instructions  in  order  to  reduce  the  erection  time  and  eliminate  errors  which 
would  require  additional  time  to  correct.  It  is  important  to  note  that  the 
overall  system  accuracy  is  dependent  upon  the  care  taken  in  the  layout  and 
erection  of  the  antenna  array. 

6.  2  Uncrating,  Unpacking  and  Checking  Equipment 

The  instructions  outlined  in  TM-1 1-688,  pages  37-38  should  be 
followed  as  a  general  guide  for  unpacking  procedures  of  this  system. 

All  of  the  shipping  crates  for  the  Beverage  DF  system  have  been 
designed  for  r.iuse.  Shipping  boxes  containing  the  antenna  reels  must  be 
retained  in  good  order  for  storage  of  the  reels  adjacent  to  the  shelter  during 
the  operation;  refer  to  Figures  19  and  20  for  relative  location  and  placement 
of  the  antenna  reel  boxes  adjacent  to  the  shelter.  Special  instructions 
involved  with  regard  to  unpacking  the  Mark  II  digital  commutator  and  indica- 
t  r  consoles  will  be  contained  with  the  shipping  crates.  All  crates  have  been 
marked  to  indicate  which  side  or  end  should  be  opened  such  as  "OPEN  HERE.  " 
A  complete  list  of  all  boxes  and  description  of  contents  are  given  in 
Section  10. 

6.  3  Site  Selection 

6.  3.  1  Technical  Requirements  for  Good  Site 
6.  3.  1 .  1  Area 

The  Beverage  antenna  array  is  a  circular  array  with  horizontal  wire 
elements  erected  along  a  uniformly  spaced  series  of  radials  from  the  center 
of  the  array.  A  full  360°  circular  array  will  require  between  100  and  190 
meters  in  radius  (328  to  620  feet).  It  is  again  emphasized  that  it  is  desirable 
to  use  the  largest  array  possible  in  order  to  obtain  optimum  results  from 
the  system. 

A  practical  method  to  assure  the  suitability  of  a  chosen  site  would  be: 
(1)  pace  the  area  in  two  directions  at  right  angles,  and  (2)  drive  a  vehicle 
across  the  area  and  note  the  mileage  from  one  extreme  end' to  the  other; 
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ARRAY  CENTER 


0.  25  mile  will  allow  erection  of  any  array  of  maximum  diameter.  After  the 
selected  site  has  been  judged  sufficient  in  cross  section,  traverse  the  perim¬ 
eter  of  the  proposed  area  to  inspect  and  evaluate  the  general  terrain  conditions 
as  they  pertain  to  the  erection  of  the  array. 

6.3. 1.2  Obstacles 

It  is  preferable  that  the  area  chosen  for  the  proposed  antenna  site  be 
as  co  istent  in  nature  as  possible  and  free  from  obstacles  wherever  practi¬ 
cal.  However,  obstacles  such  as  trees  and  rocks  within  the  array  do  not  have 
to  be  removed  if  the  alignment  of  elements  can  be  reasonably  maintained.  The 
array  may  be  erected  in  grassy,  lightly  wooded  or  brushy  areas  with  no 
special  site  preparation.  The  terrain  may  be  sloping  or  slightly  rolling  but 
free  of  gullies.  Wire  fences  within  the  array  area  must  be  removed  but  those 
outside  of  the  array  proper  will  have  little  or  no  effect  upon  the  sys  m  per¬ 
formance. 

6.3. 1.3  Site  Preparation 

The  extent  of  the  site  preparation  will  depend  largely  upon  the  quality 
of  the  site  selected  and  the  availability  of  manpower  and  equipment  to  remove 
surface  obstructions  and  clear  the  area.  An  ideal  condition  is  a  freshly 
mowed  level  site  with  all  brush  and  other  foliage  removed  from  the  area 
prior  to  the  installation.  However,  the  more  practical  approach  in  most 
field  installations  will  be  the  preparation  of  the  site  only  as  necessitated  by 
the  existing  conditions  in  the  field  and  the  availability  of  equipment  and 
personnel  to  clear  the  area.  The  size  of  the  Beverage  array  will  be  deter¬ 
mined  by  the  dimensions  of  the  site  that  has  been  selected. 

6.  4  Array  Orientation  and  Layout 

Although  any  single  array  element  may  be  used  as  a  reference  azimuth 
point,  it  is  generally  preferred  to  use  True  North  as  the  zero  degree  reference 
azimuth  (Magnetic  North  may  be  used  also).  Instructions  for  determining 
True  North  are  given  in  TM-1 1-688. 

For  installation  efficiency  and  minimum  errection  time,  it  is  recom¬ 
mended  that  the  planned  array  be  sketched  on  paper  including  size,  coverage 
(sector,  quadrant  or  full  scale)  and  spacing  of  array  elements  before  the 
installation  is  begun.  Pages  are  provided  in  Section  11  for  this  purpose.  An 
example  of  a  layout  chart  is  shown  on  the  following  page.  It  is  essential  that 
all  elements  be  evenly  spaced  in  the  horizontal  plane  in  order  to  obtain 
uniform  antenna  patterns  as  a  function  of  aximuth  and  to  minimize  instrumen¬ 
tation  errors  in  the  DF  system. 
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EXAMPLE  OF  LAYOUT  CHART  FOR  BEVERAGE 
ANTENNA  SYSTEM 


Antenna  Spacing,  2  Degrees  Layout  Method 

Feedpoint  Radius,  100  Meters  _ Transit  and  Chain 

Termination  Radius,  175  Meters  ^  Two  Transits 

Chord  Locator 


Antenna 

Location, 

Antenna 

Filter  to 

Commutator 

Degrees 

and  Reel 

Commutator 

Cable  Group 

RF  Switch 

Azimuth 

No. 

Filter  No. 

Cable  No. 

No. 

No. 

0 

0 
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• 

30 

• 

• 

2 

• 

• 

30® 

See  Section  1 1 
for  complete 
chart 


Location  of  Shelter  and  Array  Center 


After  selecting  the  site  and  making  the  preliminary  drawing  of  the  lay¬ 
out  for  the  array,  the  shelter  with  the  electronics  can  be  off  loaded  and  positioned 
at  the  center  of  the  proposed  array.  The  shelter  should  be  leveled  with  blocks 
or  other  material;  the  electronic  equipment  to  be  installed  in  the  shelter  may 
be  off  loaded  also.  Do  not  unload  boxes  containing  antenna  assemblies, 
ground  rods,  ground  clamp  and  wooden  stakes  at  this  time  unless  absolutely 
necessary;  see  Section  6.8  (3ee  note,  p.  44). 


Using  the  intersection  of  two  diagonal  lines  drawn  from  opposite 
corners  within  shelter,  drill  a  3/4-inch  hole  through  the  floor  of  the  shelter. 
Place  a  3- foot  ground  rod  (furnished)  tin  jugh  the  hole  a  d  drive  into  the 
ground  b^low  until  the  upper  edge  is  even  with  the  floor  surface. 

♦  *  - 1  \  *  V  i 


Hook  the  transfer  rod  shown  in  Figure  20  around  the  rod  by  reaching  under  the 
shelter.  The  array  center  point  with  a  transfer  radius  from  under  the  shelter 
will  be  used  as  a  reference  for  all  radial  measurements  during  the  installation 
of  the  antennas. 

NOTE:  It  may  be  more  convenient  to  lay  out  the  array  before  the 
equipment  shelter  is  off-loaded.  The  foregoing  remarks  and 
those  following  remain  applicable  except  the  references  to  the 
shelter  should  be  deleted.  Any  measurements  can  be  made 
directly  from  the  plumb  line  attached  to  the  surveyor's  transit 
with  or  without  the  aid  of  the  transfer  rod  (however,  the  exact 
radial  distance  must  be  known  if  the  nomograph  of  Figure  23  is 
used).  If  this  method  is  used,  it  is  recommended  that  the 
shelter  be  positioned  so  that  the  array  center  is  located  just 
beyond  the  shelter  edge  containing  the  filter  panel  (Section  6.9). 

6.  6  Location  of  the  0°  Antenna  Element 

(1)  Set  up  the  transit  and  tripod  on  the  roof  of  the  shelter  as  shown 
in  Figure  20  and  level  the  instrument.  Locate  Magnetic  North 
or  True  North  as  desired,  and  set  the  azimuth  index  scale  on 
the  transit  to  0*.  The  reference  scale  of  the  transit  must  be 
properly  locked  to  prevent  shifting  during  the  sequential  mea¬ 
surements  to  be  described. 

(2)  The  inner  radius  distance  from  the  center  of  the  shelter  to  the 
inner  ground  rod  radius  for  the  antenna  elements  must  be  known 
and  laid  out  by  surveyors  chain,  measuring  tape,  pacing  or 

any  other  measuring  device^.  The  exact  radius  is  not  critical 
but,  once  selected,  must  be  measured  accurately. 

(3)  Place  the  36 -inch  ground  rods  at  the  approximate  points  for 
installation  around  the  inner  radius  of  the  antenna  array.  Two 
sledge  hammers  are  provided  to  drive  the  ground  rods  to  the 
proper  depth. 

An  alternate  method  for  approximate  measurement  of  the  distance  from 
the  center  of  the  shelter  to  the  inner  ground  rod  radius  is  the  use  of  color 


^In  clean  sites,  it  is  relateively  easy  to  scribe  a  circle  about  the  array  center 
up  to  30  or  meters  by  connecting  ground  rods  to  each  end  of  the  measuring 
chain  and  keeping  the  chain  taut  but  free  of  the  ground;  walk  slowly  around  the 
center  while  scribing  a  line  on  the  ground.  This  should  be  done  before  the 
shelter  is  set  into  position. 
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marks  (bands)  on  'he  coaxial  feed  cables.  These  marks  may  be  located  by 
unreeling  the  antenna  and  coaxial  cable  from  the  reels  (the  antenna  unreels 
first).  As  the  coax  is  unreeled,  colored  bands  every  25  meters  along  the 
feedline  will  be  observed.  Color  of  band  versus  distance  from  the  antenna 
feedpoints  (including  the  transfer  rod  length)  is  as  follows: 

Approx  Distance  from 
Antenna  Feedpoint  in  Meters 
(Including  Transfer  Rod) 


Orange 

30 

Green 

55 

Yellow 

80 

Red 

105 

(Reel  End) 

120 

Use  the  transfer  rod  as  a  reference  point,  and  unreel  the  feed  cable  until 
the  desired  band  passes  through  the  eye  in  the  rod.  DO  NOT  WHIP  COAXIAL 
LINE  TO  ALIGN  ALONG  RADIAL. 

6.  7  Ground  Rod  Location  at  the  Array  Inner  Radius 

6.7.1  Method  I  -  Location  by  Transit  Level  and  Chain 

Perhaps  the  easiest  installation  procedure  for  locating  the  ground 
rods  at  the  array  inner  radius  (on  the  feedpoint  circle)  is  direct  measure¬ 
ment  of  the  radial  distance  by  surveyors  chain  or  similar  device  with  radial 
direction  determined  by  transit  from  the  array  center®. 

Proceed  as  follows: 

(1)  Hook  the  transfer  rod  around  the  ground  rod  located  beneath 
the  shelter  (Section  6.5). 

(2)  Attach  the  measurement  chain  to  the  outer  end  of  the  rod  and 
extend  to  tie  desired  distance  (do  not  exceed  115  meters). 

(3)  Pull  the  measuring  chain  taut  to  clear  the  ground  or  other 
obstructions. 


Band  Color 
(As  Unreeled) 


Q 

The  procedure  is  not  recommended  for  radial  distances  greater  than 
50  meters.  (For  radial  distances  greater  than  50  meters,  see  Para¬ 
graphs  6.  7.  2  and  6.  7.  3. ) 


(4)  The  transit  operator  advises  the  ground  rod  installer  when  he 

is  in  radial  alignment  with  the  transit  indicating  the  0*  azimuth 
reference  line. 

(5)  Drive  a  ground  rod  into  position,  found  in  Step  2,  at  a  60*  angle 
to  the  ground  surface  toward  the  array  center  and  until  about 
10  inches  remain  above  the  surface  (Figure  9). 

(6)  Rotate  the  transit  2*  (or  other  element  spacing  chosen  for  the 
antenna  elements). 

(7)  Move  the  chain  until  aligned  along  the  new  azimuth  to  the  ground. 

(8)  Repeat  Steps  (3)  through  (7)  for  the  remaining  elements  of  the 
antenna  array. 

NOTE:  As  the  installation  progresses  around  the  circumference 
of  the  array,  the  alignment  rod  will  come  in  contact  with  the 
corner  support  blocks  for  the  shelter.  At  these  points,  unhook 
the  rod  from  the  center  ground  rod  and  move  to  the  opposite 
side  of  the  corner  post  and  continue  installation;  the  slight 
error  introduced  is  not  significant. 

6.7.2  Method  II  -  Two- Transit  Technique 


The  most  accurate  method  of  locating  points  on  the  periphery  of  a 
circle  is  by  application  of  half-angle  formulas  using  two  transits,  one  located 
at  the  array  center  and  the  other  on  the  feedpoint  circle.  The  technique, 
described  pictorially  in  Figure  21,  has  the  additional  advantage  that  layout 
errors  are  not  cummulative. 

The  transit  located  on  the  roof  of  the  shelter  (array  center)  will  be 
referred  to  as  Transit  A  in  the  instructions  below.  The  second  transit, 
referred  to  as  Transit  B,  is  located  directly  over  the  inner  ground  rod  at 
0°  azimuth  (located  as  described  in  Section  6.  6).  It  should  be  noted  that  the 
exact  radius  is  not  important  but  cannot  be  greater  than  190  meters. 

It  is  recommended  that  four  men  be  used  during  the  layout  procedure, 
although  thrse  is  sufficient.  Operator  No.  1  will  operate  Transit  A,  and 
Operator  No.  2  will  operate  Transit  B;  Operator  No.  3  will  move  the 
locating  rod  (one  of  the  6-foot  ground  rods  furnished  on  any  convenient 
length  pole)  to  the  appropriate  spot  for  placement  of  the  ground  rods,  and 
Operator  No.  4  will  drive  the  ground  rods  into  position. 
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Proceed  as  follows: 


(1 )  Set  the  azimuth  scale  of  Transit  A  to  0*  on  the  transit  to  coin¬ 
cide  with  either  True  North  or  Magnetic  North  as  previously 
determined. 

(2)  Set  the  azimuth  scale  of  Transit  B  to  90*  and  align  to  Transit  A 
along  the  0°  radial  (Figure  21,  Step  1). 

(3)  Lock  the  reference  scale  of  Transit  B  auid  rotate  90°  counter¬ 
clockwise  from  the  0°  radial  line  until  the  azimuth  scade 
reads  0*  (Figure  21,  Step  2).  Note  that  Operator  No.  2  has 
turned  to  his  left  and  the  transit  scope  is  sighted  90*  away 
from  the  boresight  of  Transit  A. 

(4)  Rotate  Transit  B  clockwise  1*  toward  Transit  A,  and  rotate 
Transit  A  clockwise  2®  (Figure  21,  Step  3).  This  should  give 
a  reading  on  Transit  B  azimuth  scade  of  1  *  and  on  Transit  A 
of  2*. 

Operator  No.  3  will  then  take  the  locating  pole  and  position  it  at 
the  intersection  of  the  crosshair  sighting  from  the  two  transits  as  confirmed 
by  the  transit  operators.  The  point  of  intersection  determines  the  2®  ground 
rod  position  for  the  antenna.  The  fourth  man  drives  the  ground  rod  at  a  60® 
angle  to  the  proper  depth. 

(5)  Again  rotate  Transit  B  clockwise  1®  and  Transit  A  clockwise 
2*  in  azimuth. 

(6)  Locate  the  4°  ground  rod  at  the  sighting  intercept  of  Transit  A 
(at  4®)  and  Transit  B  (at  2°). 

(7)  Repeat  steps  (5)  and  (6)  for  each  radial  desired. 

Note  that  to  locate  uniformly  spaced  points  on  the  array  circle 
Transit  B  is  indexed  one-half  the  angle  of  Transit  A.  Since  errors  are  not 
cumulative,  any  errors  in  location  of  the  ground  rods  on  a  circle  are  very 
evident  when  several  installed  ground  rods  are  visually  aligned.  It  is  recom-  * 

mended  that  no  ground  rods  be  installed  past  the  90*  angle  for  Transit  A 
and  45®  angle  for  Transit  B. 

* 

(8)  After  the  90®  ground  rod  has  been  set  in  the  clockwise  direction 
(locating  antenna  positions  from  2*  to  90*),  realign  both  transits 
along  0*  radial  as  in  Steps  (1)  and  (2)  above. 
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(9)  Repeat  Steps  (3)  through  (7)  in  counterclockwise  direction 
until  Transit  A  has  been  indexed  through  a  90*  quadrant. 

Antenna  positions  270*  through  358*  azimuth  will  have  been 
located. 

(10)  Move  Transit  B  to  the  90*  point  located  in  (8)  above,  and  realign 
the  transits  as  described  in  Steps  (1)  and  (2)  above.  (Technically, 
the  reference  radial  is  90*  rather  than  0*;  however,  the 
azimuth  scales  of  both  transits  are  set  to  0*).  A  radial  mea¬ 
surement  will  not  be  necessary  if  care  has  been  used  in  the 
preceding  steps. 

(11)  Repeat  Steps  (3)  through  (7).  Antenna  positions  92°  through 
180°  will  have  been  located. 

(12)  Move  Transit  B  to  the  270*  position  located  as  part  of  Steps  (9) 
and  repeat  Steps  (1)  and  (2). 

(13)  Repeat  Step  (9)  to  locate  antenna  positions  180*  to  268*. 

If  radial  distance  errors  should  occur  at  the  180”  position  located 
in  Step  (11),  visual  alignment  along  several  ground  rods  can  be  used  to 
smooth  the  inner  radius. 

It  is  possible  that  heatwaves  and  terrain  irregularities  could  intro¬ 
duce  errors  particularly  for  large  radii  and  near  the  90*  angular  points 
from  Transit  A.  The  possibility  of  error  can  be  reduced  by  limiting  the 
rotation  of  Transit  A  to,  say,  ±60°  for  any  location  of  Transit  B.  This 
will  require  Transit  B  to  be  moved  more  often  and  located  at  each  60* 
radial  element  of  the  array,  that  is,  0°,  60*,  120°,  180*,  240®,  and  300®. 
Correlation  to  previously  located  points  will  serve  as  convenient  check 
points;  however,  it  should  be  noted  that  if  the  radius  to  each  new  position 
of  Transit  B  is  measured  as  in  Sections  6.6  or  6.  7.  1,  Transit  B  need  only 
be  moved  to  the  120®  r&dials  of  the  array  and  Steps  (1)  through  (8)  be 
repeated  for  ±60®  rotation  of  Transit  A. 

6.7.3  Method  III  -  Location  by  Chord  Measurement 

A  device  has  been  furnished  which  will  permit  the  location  of  ground 
rods  on  the  feedpoint  circle  by  measurement  of  the  chord  of  a  circle  after 
three  consecutive  radii  have  been  measured  and  the  ground  rods  located. 

The  method  has  the  advantage  that  antenna  positions  can  be  rapidly  located 

(1)  In  high  grass  or  in  the  presence  of  other  obstacles, 
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(2)  When  it  is  necessary  to  lay  out  an  array  as  quickly  as  possible, 
and 

(3)  When  the  array  radius  is  large. 

Proper  use  of  the  locater  device  will  permit  an  accurate  array  to  be  laid  out 
by  two  or  three  men.  Two  men  are  required  to  move  the  locator  device  around 
the  circle  while  a  third  sights  thiough  a  transit  located  at  the  array  center 
to  check  position  of  each  ground  rod.  Errors  can  accumulate  as  the  device 
is  moved  around  the  array  circle  radial;  therefore,  it  is  recommended  that 
the  ground  rod  radius  be  measured  about  every  40°  or  50*. 

Proceed  as  follows: 


(1)  Locate  the  first  three  consecutive  radials  as  described  in 
Paragraph  6.6  or  6.7.1. 

(2)  Slip  the  inner  end  of  the  sighting  piece  over  the  0°  ground  rod 
and  orient  the  connecting  bar  until  it  lies  along  the  0*  radial  as 
shown  in  Figure  22. 


(3)  Place  block  No.  1  over  the  2*  (second)  ground  rod  and  block 
No.  2  over  the  4°  (third)  ground  rod. 

(4)  Pass  the  wire  cables  connected  to  blocks  Nos.  1  and  2  through 
the  appropriate  holes  in  the  sighting  device  and  pull  taut 

(see  Figure  22). 

(5)  Once  the  cables  are  taut,  tighten  all  set  screws  and  tape  excess 
cable  to  a  convenient  place. 

Extreme  care  should  be  used  in  Steps  (1)  through  (4)  since  the  initial  setup 
determines  th  dimensions  of  the  array  (chord  lengths  between  ground  rods 
on  the  circle).  Once  set,  the  device  is  ready  for  locating  the  remaining 
ground  rods  around  the  feedpoint  circle. 


(6)  Lift  the  device  off  the  0*,  2°,  and  4°  ground  rods  and  move 
sighting  piece  (0)  to  the  2*  ground  rod. 

•»  'i  c. 

(7)  Slide  block  No.  1  over  the  ground  rod  at  the  4*  position. 

(8)  Rotate  the  horizontal  bar  of  the  sighting  bar  until  the  vertical 
rod  lieB  on  the  2°  radial.  (The  cable  to  block  No  1  should 
be  taut  due  to  location  of  the  4*  rod  and  Steps  (1)  thr  ough  (5). 
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(9)  When  all  cables  are  pulled  taut,  block  No.  3  will  locate  the 

6°  ground  rod  position.  Pass  a  ground  rod  through  the  hole  of 
block  No.  3  and  drive  to  proper  depth. 

Note  that  the  blocks  have  been  drilled  to  permit  setting  the  rods  at  the 
60°  angle  to  the  ground  surface.  Care  must  be  taken  to  insure  that  all  cables 
are  taut  before  the  ground  rods  are  driven  in  place.  Once  the  6°  rod  is  driven, 
reposition  the  device  over  the  4°  and  6°  rods  in  the  manner  as  described 
previously,  and  locate  the  8°  position  by  block  No.  3.  Repeat  the  procedure 
to  lay  out  all  ground  rods  around  the  inner  array  circle.  The  positions  of 
each  block  to  locate  several  of  the  antenna  ground  rod  positions  accor  ' 
to  the  above  steps  are  given  in  Table  II. 

NOTE:  If  at  any  time  it  is  not  possible  to  place  block  No.  1 
over  the  ground  rod  adjacent  to  the  sighting  piece  or  if  the 
cables  are  slack,  recheck  alignment  of  the  sighting  piece  or 
repeat  the  procedure  for  last  located  set.  A  chart  of  chord 
length  versus  array  radius  for  several  azimuthal  spacings  of 
antennas  is  given  in  Figure  23.  The  chart  may  be  used  for  any 
of  the  three  methods  described. 

6.  8  Installation  of  Antenna  Elements 


Reels  containing  a  complete  antenna  assembly  including  the  coaxial 
cable  feedlines,  matching  transformer s ,  insulators,  ground  rod  loops  and 
termination  resistances  (see  Figure  13)  are  furnished  for  an  array  of  180 
elements.  Each  shipping  crate  contains  nine  antenna  assemblies.  Open  the 
crates  carefully  since  these  will  be  used  to  store  the  reels  and  excess  feed 
cables  (to  be  described).  For  convenience  the  antenna  reels  are  numbered 
0,  2,  4,  6,  8,  etc.  ,  which  indicate  the  recommended  azimuthal  position  of 
that  particular  reel  with  respect  to  the  reference  antenna.  Sequential  clock¬ 
wise  installation  in  ascending  order  from  the  0°  position  will  allow  an  orderly 
procedure  to  be  followed  throughout  including  connections  to  filters  and  com¬ 
mutator  inputs. 

The  antennas  are  unrolled  manually  by  a  man  walking  toward  the 
outer  perimeter.  When  the  inner  termination  of  the  element  has  unravelled 
from  the  spool,  the  terminating  loop  is  slipped  over  the  inner  ground  rod  and 
the  antenna  aligned  and  pulled  tight  by  the  man  at  the  outer  end.  Ground 
clamps  are  then  attached  to  both  the  inner  and  outer  ground  rods  for  hookup 
to  the  array  after  a  final  alignment  check  has  been  made. 

Proceed  as  follows: 

(1)  Place  the  antenna  reels  in  a  sequential  manner  adjacent  to  the 
particular  ground  rod  (located  as  described  in  Section  6.  7)  on 
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TABLE  II.  LOCATION  OF  CONSECUTIVE  ANTENNAS 
BY  CHORD  LOCATOR 


Locator 

Position  _ Sighting  and  Ground  Rod  Locator  Block  Pooltlons  for 

No.  0”,  2\  4',  6',  8* ,  10*.  TIT  14*.  16*.  18*.  20* . 35&\  358° 


1 78  7 

179  1  2 

'  ••••••  •  •  •  •  •  A  L 


0  -  Sighting  Piece 

1  -  Adjacent  Antenna  Position  Guide 

2  -  New  Antenna  Position  Locator 

*  -  1st  three  positions  located  as  in  6.6  or  6.7. 1 
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which  they  are  to  be  installed.  That  is,  antenna  No.  0  at  the  0° 
position,  antenna  No.  2  at  the  2°  position,  antenna  No.  4  at  th 
4°,  etc.  ^  Care  must  be  taken  to  avoid  excessive  damage  to 
reels  by  dropping  or  throwing  them. 

(2)  Place  the  antenna  No.  0  reel  on  a  spare  ground  rod  and  reel 
holder  (not  furnished)  to  permit  unwinding  the  antenna  wire. 

(3)  Remove  the  tape,  holding  the  wire  in  place,  and  gently  pull 
a  copperweld  antenna  wire  while  walking  along  the  0°  radial 
toward  the  outer  periphery  of  the  antenna  array.  In  addition, 
carry  four  green  painted  wooden  stakes,  a  ground  rod  and  a 
hammer. 

>  (4)  While  pulling  the  antenna  along  the  0°  radial,  drop  the  first 

green  stake  approximately  16  paces  from  the  inner  ground 
rod  and  an  additional  stake  approximately  every  16  paces 
thereafter.  Place  the  fourth  stake  approximately  1-1/2  paces 
from  the  outer  end  of  the  antenna. 

When  the  antenna  element  has  been  fully  extended,  the  matching  transformer 
and  the  end  of  the  coax  cable  will  begin  to  unreel.  At  this  point,  the  man 
standing  at  the  inner  radius  should  notify  the  man  pulling  the  antenna  element 
to  halt. 

(5)  Place  the  loop  at  the  inner  end  of  the  antenna  element  over  the 
inner  ground  rod  and  press  the  loop  against  the  ground  surface. 

(6)  Install  a  ground  clamp  on  the  ground  rod  as  shown  in  Figure  9. 
Attach  the  length  of  wire  that  extends  from  the  loop  to  the  ground 
clamp  as  shown^. 

Note  that  the  coaxial  cable  connector  at  the  inner  radius  has  not  been  con¬ 
nected  to  the  transformer.  DO  NOT  CONNECT  at  this  time.  After  completion 
of  Step  (5),  the  man  who  has  pulled  the  antenna  should: 


^Itis  recommended  that  the  installation  of  the  antenna  elements  begin  at  the 
0°  azimuth  point;  however,  installation  may  be  initiated  at  any  point  on  the 
periphery  of  the  antenna  array  as  long  as  an  orderly  sequence  is  maintained 
and  position  chart  set  up. 

*®It  is  not  necessary  to  connect  the  ground  clamps  at  this  time.  After  ele¬ 
ment  installation  is  under  way,  additional  men  can  be  sent  to  the  inner  and 
outer  perimeters  with  appropriate  tools  to  fix  and  tighten  the  grounding 
terminations  while  other  men  set  the  stakes  under  the  antennas. 
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(7)  Whip  the  antenna  wire  until  it  lies  along  the  radial  line  deter¬ 
mined  by  the  sighting  down  along  the  wire  and  the  inner  ground 
rod  to  the  center  of  the  array  shelter. 

(8)  Pull  the  antenna  until  the  slack  is  taken  up  (not  too  tighc)  since 
the  wire  will  be  raised  10  inches  off  the  ground  as  describ’d 
in  Step  (10)  (see  Figure  2). 

(9)  Place  the  wire  loop  on  the  ground  surface,  and  drive  a  ground 
rod  through  the  loop  at  an  angle  away  from  the  antenna  (60° 
angle  to  the  ground),  install  a  ground  clamp  and  lead  wire  from 
the  loop  as  in  Step  (6).  Good  mechanical  contact  must  be 
obtained  since  the  wire  connection  to  the  rod  furnishes  the 
ground  return  for  the  antenna  circuit*®. 

(10)  While  returning  toward  the  inner  radius  to  pick  up  the  second 
element,  drive  the  green  painted  wooden  stakes  into  position. 
Install  the  stakes  directly  below  the  antenna  element  and  drive 
into  the  earth  until  the  paint  line  is  even  with  the  surface  of 
the  ground  (10  inches  remain  above  the  ground).  Locate  stakes 
at  the  drop  positions  of  Step  (4),  i.e.  ,  1  meter.  20  meters, 

35  meters,  and  60  meters  from  the  outer  ground  rod  with  a 
fifth  stake  located  1  meter  from  the  inner  ground  rod.  All 
stake  locations  are  approximate  and  are  not  critical*®. 

(11)  As  each  stake  is  driven,  gently  raise  the  antenna  wire  and 
place  in  the  notch  provided  on  the  top  of  the  stake. 

(12)  Repeat  Steps  (10)  and  (11)  for  each  stake  while  returning  to  the 
inner  end  of  the  antenna.  The  installed  element  should  appear 
as  described  in  Figures  2  and  4. 

(13)  Repeat  Steps  (1)  through  (12)  for  the  2°  element  and  every 
element  in  the  array.  Place  the  reels  containing  the  coaxial 
feed  cables  near  the  inner  radius  ground  rod. 

CAUTION:  It  is  necessary  to  sight  very  carefully  along 
the  antenna  element  to  the  inner  ground  rod  and  the  center 
of  the  shelter  each  time  an  element  is  aligned  before 
installing  the  outer  ground  rod.  This  will  assure  proper 
spacing  between  antenna  elements  and  uniformity  in  the 
array  pattern. 

After  the  antenna  elements  have  been  installed,  connect  the  coaxial 
feed  cable  to  the  BNC  connector  on  the  antenna  transformer  housing 
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(Figure  9).  Place  the  reel  over  a  ground  rod,  and,  with  one  man  on  each 
end  of  the  rod,  walk  toward  the  array  center  allowing  the  coaxial  feed  cable 


to  unwind  from  the  reel 


Care  must  be  taken  to  allow  sufficient  slack  in 


the  cable  at  the  antenna  connector  to  avoid  excessive  strain  on  the  connector 
during  the  unreeling  process. 


In  most  installations,  there  will  be  excess  cable  left  on  the  reel  when 
the  center  of  the  array  has  been  reached.  Store  the  antenna  reels  and 
excess  cable  in  the  shipping  crates  for  the  antenna  assemblies  as  shown  in 
Figures  19  and  20. 


Note  that  an  extra  ler.gth  of  coaxial  cable  has  been  wound  on  the  outer 
flange  of  each  reel  as  shown  in  Figure  13.  The  additional  length  is  sufficient 
to  run  from  the  storage  boxes  to  the  filter  panel  located  on  the  wall  of  the 
shelter  (Figure  19).  Excess  cable  on  the  reel  proper  can  be  used  to  dress  the 
lead-in  cables  in  convenient  groups  so  that  the  access  to  the  shelter  and  the 
equipment  may  be  accomplished  without  walking  over  the  cables. 


IMPORTANT:  It  is  recommended  that  the  cable  storage  and 
hookup  to  the  input  filters  be  done  in  a  methodical  and  careful 
manner.  It  will  be  most  difficult  to  correct  any  hookup  errors 
once  the  cable  spools  are  stored.  It  is  recommended  that  cables, 
beginning  with  0°  azimuth,  be  brought  to  the  center  and  hooked 
up  in  numerical  sequence  in  order  to  help  eliminate  the  possibility 
of  errors.  Cabling  is  marked  as  to  azimuth  or  orientation,  and 
inputs  to  the  filter  panel  are  marked  as  to  relative  b.  aring 
(degrees). 


6.  9  Installation  of  High  Pass  Filters 


A  filter  panel  has  been  designed  to  fit  into  the  opening  obtained  by 
removing  the  louver  vent  and  mounting  frame  on  an  S-44  type  shelter.  The 
filter  panel  supplied  as  part  of  this  system  bolts  into  place  as  shown  on 
Figure  19  (any  convenient  mounting  location  is  equally  acceptable,  providing 
there  is  access  to  the  filter  connections).  Coaxial  feed  cables  from  each 
antenna  (via  the  reels  in  the  storage  box)  connect  to  the  BNC  fittings  on  the 
outside  of  the  filter  panel.  If  the  antennas  were  installed  in  numerical  sequence 
as  recommended,  the  antenna  numbers  marked  on  the  end  of  the  coaxial  cable 
coincide  with  the  markings  in  the  filter  panel.  For  example.,  attach  the 
coaxial  line  marked  0  to  the  BNC  connector  marked  0  on  the  filter  panel; 
attach  antenna  cable  2  to  the  filter  marked  2,  and  so  on,  until  all  cables  are 
terminated  in  the  filter  panel.  Cable  clamps  are  provided  so  that  the  weight 
of  the  feed  cables  will  not  be  on  the  filter  connections. 


It  is  possible  to  carry  two  or  three  reels  at  the  same  time  without  difficulty. 
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6.10  Installation  of  Electronic  Equipment 

A  suggested  floor  plan  for  the  shelter  indicating  the  position  of  the 
equipment  is  shown  in  Figure  24  (see  Section  6.5  for  note  concerning  array 
center).  Two  crates  marked  Equipment  Rack  1  and  Equipment  Rack  2  must  be 
carefully  opened  on  the  side  indicated  and  unpacked  in  preparation  for  installa¬ 
tion  in  the  shelter.  Install  each  rack  as  shown  in  the  figure,  bolt  together 
and/or  to  the  floor  of  the  shelter.  Each  equipment  rack  is  shipped  assembled 
and  internally  wired;  install  interconnecting  cables  as  shown  in  Figure  25. 

All  connectors  are  color  coded  to  facilitate  assembly. 


6.  11  Installation  of  Interconnecting  Cables 


(1) 


(2) 

(3) 


12 


Connect  the  ''ZERO  SYNC"  (25)  J  “  and  "OPTICAL  GEN. 
TRIGGER"(26)  from  goniometer-optical  shaft  encoder  chassis 
(Figure  18)  Hack  1  to  respective  inputs  (Z7)  and  (Z ^  of  the  com¬ 
mutator  control  chassis  (Figure  17). 


Connect  the  commutator  RF  OUTPUT  (29)  to  the  R390  receiver 
RF  INPUT(30)  (Figure  17).  W 

Connect  AC  power  cable  from  cabinet  2  to  J-904  of  the  power 
regulator  unit  of  cabinet  1  . 


6.  12  Installation  of  Filter  Panel  to  Commutator  Cables 


Six  cable  groups  with  thirty  miniature  coaxial  cables  RG  179/IJ  per 
group  are  supplied  to  connect  between  the  antenna  filter  assembly  and  the 
RF  gate  chassis  on  the  digital  commutator  (180  cables  required).  Multipin 
coaxial  connectors  (Burndy  Corp.  type  RMDX  60)  are  furnished  on  one  end 
of  each  cable  group  with  the  remaining  end  of  each  coaxial  cable  terminated 
in  a  BNC  connector  as  shown  in  Figure  26.  The  Burndy  multipin-connectors, 
designated  cables  1  through  6,  attach  to  corresponding  numbers  on  the 
commutator  input  panels  located  in  the  rear  of  the  equipment  Rack  2 
(Figure  27).  The  BNC  connectors  are  marked  0,  2,  4,  6,  etc.,  to  correspond 
with  the  numbers  on  the  filter  panel. 


IMPORTANT:  The  connections  to  the  filter  panel  must  be  in 
the  same  sequential  order  as  the  radial  location  of  the  antenna 
elements  because  digital  commutator  requires  that  the  antenna 


1  2 

‘’Item  numbers  on  various  figures  will  be  referenced  by  enclosing  in  circles 
in  the  ensuing  text.  For  example,  item  (0)  will  always  describe  the  ZERO 
SYNC  output  from  the  goniometer  chassis  regardless  of  the  figure  number  on 
which  it  is  contained. 
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F  FILTER  PANEL  .EQUIPMENT  CABINETS 


AND  2  WITHIN  SHELTER 


FIGURE  25.  INTERCONNECTING  CABLE  DIAGRAM 


CABINET  NO  2 
DIGITAL  COMMUTATOR 


FIGURE  26.  FILTER  PANEL  TO  COMMUTATOR  R.  F  CABLING 


GATE  CONTROL  FnOM 
RING  COUNTERi 


RE  GATE  ft  AMPLIFIER 
2  INPUTS  PER  BOARD  / 


ANTENNA  INPUTS 
TO  BOARD 


DC  POWER 


RF  OUTPUT 
TO  RECEIVER 


GATE  CONTROL  FROM  RING  COUNTER 


FIGURE  27.  R.  F.  CHASSISS  -  REAR  VIEW 
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inputs  be  connected  sequentially  in  a  clockwise  manner  beginning 
at  0  and  progressing  2,  4,  6,  etc.  For  example,  input  zero  to 
the  commutator  connects  through  filter  0  to  the  antenna  at  0°; 
likewise,  input  2  through  filter  2  to  cable  2  and  antenna  at  2°; 
input  4  to  4°,  etc.  (there  are  no  odd  numbers  in  the  system). 

All  cables  were  properly  marked  prior  to  shipment;  however, 
in  case  of  difficulty,  refer  to  the  running  list,  Table  III. 

After  the  cables  have  been  installed,  the  system  is  ready  for  final 
checkout  prior  to  applying  AC  power.  It  is  suggested  that  the  equipment 
cabinets  and  the  panels  be  reviewed  for  loose  connections  or  connectors  and 
that  all  connections  are  in  the  proper  location.  Check  AC  power  connections. 
Check  connections  at  the  antenna  transformer  since  connectors  were  shipped 
disconnected  to  reduce  strain  on  the  connections  during  installation. 

6.13  Installation  of  60-Hz  Power 

Cable  and  connections  to  an  external  120V AC  60-Hz  power  source 
have  not  been  supplied  ar1  must  be  provided  to  the  shelter  circuit  breaker 
box  and  distribution  system.  See  Section  4  for  power  requirements  exclusive 
of  heater  or  air  conditioning  units.  Check  power  plugs  and  cables  and 
connect  as  shown  in  the  interconnecting  diagram.  Connect  the  power  cord 
marked  "EXTERNAL  120VAC  POWER"  to  a  convenience  outlet  on  the  shelter 
wall. 


The  breaker  switch  (1A)  (Figure  16)  on  the  voltage  regulator  chassis 
located  at  the  bottom  of  Rack  1  will  control  all  AC  power  for  the  two  racks. 
In  the  event  that  it  is  desired  to  remove  power  from  Rack  2  only,  a  switch 
for  this  purpose  is  provided  on  the  commutator  control  panel  (see  item  (2)  , 
Figure  16).  Individual  power  supply  switches  should  remain  in  the  ON 
position  at  all  times.  The  only  two  switches  used  in  normal  operation  are 
(Ta)  and  (T)  described  in  this  section. 


Connect  both  relay  racks  to  a  convenient  external  earth  ground  near 
the  shelter.  Use  one  of  the  spare  6-foot  ground  rods  furnished. 
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TABLE  III.  RUNNING  LIST  FOR  FILTER- 
COMMUTATOR  CABLES 


Each  cable  group  (there  are  six  groups)  consists  of  thirty  individual 
coaxial  cables  (RG  179/U).  The  filter  end  of  each  coaxial  cable  is  terminated 
with  a  BNC  (Kings  type  UG88/U  with  RG  179/U  insert)  connector;  the  com¬ 
mutator  ends  are  inserted  into  a  multipin  coaxial  connector  (Burndy  type 
RMDX  60  shell).  There  are  six  Burndy  connectors  with  thirty  coaxial  cables 
each;  The  Burndy  designation  and  the  corresponding  filter  (or  antenna) 
number  are  specified  below.  The  commutator  position  corresponds  to  the 
antenna  number  als  >. 


Burndy 

Cable 

Cable 

Cable 

Cable 

Cable 

Cable 

Designation 

1 

2 

3 

4 

5 

6 

B 

330 

30 

90 

150 

210 

270 

F 

332 

32 

92 

152 

212 

272 

L 

334 

34 

94 

154 

214 

274 

R 

336 

36 

96 

156 

216 

276 

V 

338 

38 

98 

158 

218 

278 

Z 

340 

40 

100 

160 

220 

280 

DD 

342 

42 

102 

162 

222 

282 

JJ 

344 

44 

104 

164 

224 

284 

D 

346 

46 

106 

166 

226 

286 

J 

348 

48 

108 

168 

228 

288 

N 

350 

50 

110 

170 

230 

290 

T 

352 

52 

112 

172 

232 

292 

X 

354 

54 

114 

174 

234 

294 

BB 

356 

56 

116 

176 

236 

296 

FF 

358 

58 

118 

178 

238 

298 

A 

0 

60 

120 

180 

240 

300 

E 

2 

62 

122 

182 

242 

302 

K 

4 

64 

124 

184 

244 

304 

P 

6 

66 

126 

186 

246 

306 

V 

8 

68 

128 

188 

248 

308 

Y 

10 

70 

130 

190 

250 

310 

CC 

12 

72 

132 

192 

252 

312 

HH 

14 

74 

134 

194 

254 

314 

C 

16 

76 

136 

196 

256 

316 

H 

18 

78 

138 

198 

258 

318 

M 

20 

80 

140 

200 

260 

320 

S 

22 

82 

142 

202 

262 

322 

W 

24 

84 

144 

204 

264 

324 

AA 

26 

86 

146 

206 

266 

326 

EE 

28 

88 

148 

208 

268 

328 
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7.  OPERATING  INSTRUCTIONS 


7,  1  Power 

(1)  Insure  that  all  individual  power  supply  switches  are  in  the  ON 
position.  These  should  remain  ON  at  all  times. 

(2)  Turn  MAIN  POWER,  GONIO  DRIVE  (Tb)  and  INDICATOR  (Tc)  power 
switches  ON. 

(3)  Turn  LINE  INPUT  power  switch  Figure  16  to  115V  ON. 

Check  voltage  reading  of  regulator  supply  and  adjust  between 
115  and  120V AC. 

(4)  Turn  COMMUTATOR  MASTER  SWITCH  AC  POWER (z)  -  ON. 

(5)  Check  DC  voltage  as  marked  on  each  power  supply  in  Rack  2. 

The  actual  operating  voltages  are  measured  on  the  load  sides 
of  the  protection  diodes  on  P.  C.  Board  9  (Figure  52). 

NOTE:  In  normal  operation,  all  AC  power  should  be  con¬ 
trolled  by  the  master  power  switch  LINE  INPUT  POWER 
(T.^  ;  however,  power  to  Rack  2  may  be  turned  off  if 
required  by  the  COMMUTATOR  MASTER  SWITCH  AC 
POWER^^.  See  Section  9.4  for  location  of  fuses  and 
fuse  size. 


7.  2  Circle  Adjust  of  IP  137/GRD  -  Refer  to  Figure  16 


(1)  Reduce  R390  receiver  function  switch to  STANDBY  and  RF 
GAIN  control  ©  to  minimum. 

(2)  Adjust  INTENSITY  (i)  and  FOCUS  (?)  on  IP  137. 

(3)  Adjust  HORIZONTAL  (7)  and  V£RTICAl(£)  controls  to 
center  display. 


(4)  Minimize  circle  (spot)  size  using  Loth  gain^^and  phase  © 

controls.  Correct  size  is  a  dot  at  the  center  of  the  CRT.  These 
controls  are  interacting  and  may  need  occasional  adjustment 
if  drift  occurs  in  the  control  modulator  circuits. 
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(5)  Check  operation  of  deflection  circuits  and  indicator  goniometer 
by  switching  SIZE  switch^"!)  to  the  TEST  position.  A  full-size 
circle  should  be  obtained  on  the  CRT.  If  not,  correct  adjust 
gain  controls  on  V303  and  V303/M  (see  Section  9.  1).  Return 
SIZE  switch  to  operate  position. 

(6)  Repeat  Step  (4). 

7.  3  Methods  of  Azimuthal  Bearing  Determination 

These  options  of  bearing  determination  are  available: 

(1)  Mechanical  alidade,  part  of  the  CRT  assembly  for  the  IP  137/GRD 
indicator  -  azimuth  angle  is  read  from  an  engraved  ring  around 
the  CRT. 

(2)  Strobe  slew  with  electronic  alidade  and  automatic  digital  readout 
of  bearing. 

(3)  Pattern  slew  with  electronic  alidade  and  automatic  digital  read¬ 
out  of  bearing. 

The  desired  method  is  selected  by  front  panel  switch  DIGITAL  BEARING 
READOUT  METHOD  (12)  .  The  switch  is  used  to  specifically  select  either 
Method  (2)  or  (3)  above;  however,  Method  (1)  may  be  used  with  the  switch  in 
either  position  as  long  as  the  SLEW  DIRECTION  (22)  ,  (23)  controls  are  not 
operated. 

The  automatic  digital  bearing  readout  reduces  one  source  of  operator 
error  by  permitting  the  operator  to  make  a  bearing  cut  without  interpreting 
or  interpolating  the  azimuth  scale  on  the  CRT;  that  is,  when  the  operator 
properly  adjusts  the  electronic  alidade  to  overlay  the  displaypattern,  the 
azimuth  bearing  is  available  directly  on  the  digital  readout  (24)  to  a  0.  1° 
resolution.  Furthermore,  the  possibility  of  errors  due  to  parallax  are 
eliminated  by  the  superposition  of  the  strobe  marker  signal  on  the  video 
signal. 

7.  3.  1  Mechanical  Alidade 


See  TM-1 1-688  for  instructions  of  bearing  readout. 

7.3.2  Strobe  Slew  or  Strobe  Rotation  Option 

Strobe  slew  option  will  allow  the  operator  to  rotate  the  electronic 
strobe  (brightened  portion  of  CRT  trace)  to  symmetrically  coincide  with  the 
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displayed  pattern.  The  strobe  position  in  degrees  azimuth  is  displayed  with 
0.  1°  resolution  on  the  digital  bearing  readout  on  the  commutator  front  panel 
BEARING  INDICATOR  (24)  (Figure  28).  The  alidade  reading  of  7. 3.  1  will 
provide  the  same  bearing;  however,  the  automatic  bearing  readout  has 
increased  resolution. 

7.  3.  3  Pattern  Slew  or  Pattern  Rotation  Option 

Since  there  is  some  evidence  that  operator  errors  in  bearing  deter¬ 
mination  are  reduced  if  the  operator  can  always  view  the  pattern  at  the  same 
display  angle  on  the  CRT,  a  further  option  is  provided  to  allow  the  operator 
to  rotate  the  pattern  until  the  pattern  axis  becomes  vertical,  i.e.,  coincident 
with  the  0°  mark  on  the  CRT  alidade.  In  addition,  the  electronic  strobe  is 
fixed  and  coincident  with  the  0°  marker  (although  not  a  prerequisite).  When 
the  pattern  is  properly  rotated,  the  digital  bearing  readout  will  indicate 
the  original  azimuthal  direction  of  the  beam. 

7.  4  Operation  of  Commutator  -  Refer  to  Figures  28  and  29 

(1)  Select  bearing  determination  method  strobe  slew  or  pattern  slew 
by  DIGITAL  BEARING  READOUT  METHOD  (DBRM)  function 
switch  ^2)  . 

(2)  Set  the  clock  input  switch  ^3)  to  the  OPERATE  position. 

(3)  Press  the  STOP  button  ^4)  .  Lamps  above  STOP  and  RESET 
switches  should  be  on.  Lamp  above  START  should  be  out. 

(4)  Press  the  RESET  button  (T?)  .  Lamp  above  RESET  and  START 
should  be  out.  Lamp  above  STOP  should  be  on;  all  indicator 
lamps  on  RING  COUNTER  (H>)  should  be  out. 

(5)  Write  in  the  desired  number  of  antennas  to  be  commutated. 

(See  Section  7.  5)  about  boresight  reference  of  0°  (l7)  .  Indicators 
that  are  symmetrical  about  the  0®  lamp  should  be  on. 

(6)  Press  the  START  button  (T^  .  Lamp  above  START  should  be 
on,  and  lamps  above  STOP  and  RESET  should  be  out.  COM¬ 
MUTATOR  RUN  indicator  (20)  will  flash  continuously  at  an 

1 0 -Hz  rate. 

NOTE:  The  STOP-RESET-START  switches  are  connected 
in  a  latching  arrangement,  and  the  sequence  must  be 
followed  in  that  order;  therefore,  if  the  RESET  button  is 
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FIGURE  28.  RING  COUNTER  AND  MASTER  CONTROL  CHASSIS 
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FIGURE  29.  RING  COUNTER  AND  MASTE.R  CONTROL  CHASSIS  -  REAR  VIEW 
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pushed  before  STOP,  then  the  sequence  must  be  RESET- 
START -STOP -RESET. 

(7)  Adjust  the  GAIN  and  FREQUENCY  of  the  R390  receiver  to  dis¬ 
play  an  antenna  pattern  on  the  IP  137  indicator  (either  "on-the- 
air  signal  or  test  signal  described  in  Section  8). 

(8)  Bearing  readout  options  are  as  follows: 

(a)  Mechanical  Alidade  on  CRT.  Go  to  Step  (11). 

(b)  Digital  Bearing  -  readout  with  electronic  strobe  or  cursor. 

(9)  Rotate  the  strobe  or  patterr  [depending  on  the  option  selected 
in  Step  (1)]  by  pressing  the  clockwise  CW  (22)  or  counterclock¬ 
wise  CCW  (23)  SLEW  DIRECTION  control  buttons.  The  rotation 
and  speed  is  adjusted  by  the  multiturn  dial  SLEW  RATE  (2l) 
located  between  the  CW  and  CCW  buttons.  When  the  strobe  or 
pattern  is  properly  aligned,  read  the  bearing  from  the  BEARING 
INDICATOR  (M)  on  the  front  panel. 

CAUTION:  Correct  bearing  readout  is  possible  only  when 
certain  criteria  are  met.  See  Section  7.3.  Furthermore, 
if  the  BEARING  SELECT  switch  (imposition  is  changed, 
the  STOP  (l4)  and  RESET  (f?) buttons  [Steps  (3)  and  (4), 
Section  7.47  must  be  pressed  in  that  order  to  properly 
preset  the  logic  networks  for  correct  bearing  readout. 
Continue  with  Step  (5). 

(10)  To  switch  from  DF  scanning  mode  to  INTERCEPT  mode,  push 
STOP  button  (l4)  .  Boresight  of  the  rotating  beam  set  up  in 
Step  (5)  will  stopon  the  azimuthal  bearing  indicated  on  the 
digital  readout  (24)  if  cursor  is  properly  set. 

(11)  If  mechanical  alidade  is  used,  read  azimuth  as  described  in 
TM- 1 1  -688. 


It  is  recommended  that  the  operator  experiment  with  the  bearing 
determination  controls  to  become  familiar  with  the  possibilities  of  each 
method.  See  Figure  30A  for  typical  CRT  patterns  of  pattern  rotation. 

7.  5  Initial  System  Checkout,  Test  and  Calibration 


See  Sections  8  and  9. 
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(a)  IP  137  display  of  four  RF  inputs 
excited  by  signal  generator  at  0°,  90°, 
180°  and  270°.  Sequential  scan  of  one 
input  around  the  array.  Display  shows 
1°  nonlinearity  at  90°.  When  calibra¬ 
ting,  use  only  one  input  excited  and 
repeat  for  every  2°  input. 


(b)  Multiple  exposure  of  IP  137  dis¬ 
play  to  show  example  of  pattern  rota¬ 
tion  from  a  true  bearing  of  266°  to 
alignment  with  the  0°  mark.  The  digi¬ 
tal  bearing  readout  automatically  fol¬ 
lows  the  pattern.  However,  the  correct 
bearing  is  obtained  only  when  pattern 
is  aligned  with  0°  line. 


FIGURE  30A.  EXAMPLES  OF  DISPLAY  CALIBRATION  AND 

PATTERN  ROTATION 
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7.  6  Formation  of  the  Antenna  Beam 

The  design  of  the  digital  commutator  will  permit  the  DF  operator  to 
select  the  optimum  antenna  beam  for  either  DF  mode  (or  intercept  mode) 
of  operation.  Although  an  almost  limit,  ^ss  number  of  antenna  summation 
configurations  can  be  conceived  and  set  into  the  commutator,  experience 
has  shown  that  the  most  used  beams  are  formed  from  the  summation  of 
signals  from  consecutive  antennas  in  the  array.  The  optimum  number  used 
is  dependent  upon  parameters  such  as  frequency,  site,  antenna  length,  array 
size  and  element  height.  For  the  array  furnished,  the  number  v/ill  vary 
between  twenty-three  consecutive  antennas  (at  2°  spacing)  for  2  to  5  MHz, 
to  nine  consecutive  antennas  for  18  to  30  MHz.  A  few  simple  tests  by  the 
operator  using  the  DF  mode  on  strong  signals  at  variour  frequencies  will 
quickly  show  the  optimum  arrangement  for  the  parameters  specified. 

Tlje  beam  forming  switches  are  located  on  the  RING  COUNTER 
chassis  um  (Figure  28).  Each  of  the  indicators  on  the  front  panel  is  a  com¬ 
bination  indicator  and  momentary  action  SPST  switch  that  is  associated  with 
a  particular  antenna  circuit;  the  specified  azimuth  for  a  2“system  is  indi¬ 
cated  immediately  under  each  lamp.  If,  after  the  STOP  (m)  u.nd  RESETHS) 
switches  are  depressed,  the  lamp  projection  (for  example,  the  0°  lamp  (l_7j)  is 
pushed  in,  the  indicator  will  come  ON;  when  a  lamp  is  ON,  it  indicates  that 
the  associated  antenna  circuit  is  being  sampled  by  the  receiver.  A  few 
trials  will  show  that  any  ot  the  180  antennas  may  be  set  in  the  ON  position 
by  the  above  method  or  turned  OFF  by  operation  of  the  RESET  switch. 

It  is  recommended  that  consecutive  antennas  be  used  initially  until 
the  operators  obtain  experience  in  commutator  operation. 

7.  6.  1  DF  Mode  Operation 

Prior  to  operating  in  the  DF  muu«.;  the  desired  beam  must  be  set  into 
the  ring  counter  while  in  the  static  (nonrunning  condition).  The  most  used 
antenna  beams  can  be  set  in  automatically  by  the  beamformer  switches  (l8) 
for  five,  nine,  fifteen  or  twenty-three  consecutive  antennas.  Select  a  desired 
number  of  elements  (fifteen  will  give  good  results  over  most  of  the  HF  band 
for  the  array  furnished),  and  push  the  BEAMFORMER  button  for  that  number. 
Note  that  the  same  number  of  indicators  will  be  ON  on  the  RING  COUNTER 
and  that  they  are  symmetrically  located  about  0°.  For  example,  for  five  con¬ 
secutive  antennas,  the  lamps  for  356°,  358°,  0°,  2°,  and  4°  will  be  ON,  and, 
for  nine  antennas,  lamps  for  352°,  354°,  356°,  358°,  0°,  2°,  4°,  6°  and  8° 
will  be  ON.  The  beam  to  be  rotated  clockwise  around  the  array  will  always 
consist  of  the  number  and  relative  locations  of  antennas  selected  in  the  static 
position. 
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Note  also  that  the  0°  antenna  is  always  the  boresight  of  reference  posi¬ 
tion  for  all  static  beams.  Since  the  rotating  beam  must  be  synchronized  to 
the  rotating  spot  on  the  CRT  display,  it  is  necessary  to  establish  a  reference 
direction  from  which  to  synchronize  the  beam  and  display.  For  the  system 
described,  the  reference  position  is  True  North  (O').  Synchronized  opera¬ 
tion  is  automatic  if  the  static  beam  is  set  in  symmetrically  about  0°.  Proceed 
to  Step  (6)  of  Section  7.4. 

Typical  CRT  patterns  for  various  frequencies  and  distance  are  shown 
in  Figures  30B  through  30E. 

7.6.2  Intercept  Mode  Operation 

Intercept  operation  via  the  commutator  may  be  set  up  manually  or 
automatically  switched  from  the  DF  mode.  Automatic  switc  h  from  DF  to 
intercept  mode  is  accomplished  as  follows: 

(1)  Adjust  the  electronic  alidade  (Strobe)  for  the  correct  observed 
bearing  (either  pattern  or  strobe  slew  function). 

(2)  Push  the  STOP  button  (l4)  on  the  commutator.  The  antenna  beam 
will  automatically  stop  with  boresight  in  the  azimuthal  direction 
indicated  on  the  digital  bearing  readout. 

NOTE:  Automatic  switching  from  DF  to  INTERCEPT 
mode  can  be  used  only  in  conjunction  with  the  automatic 
bearing  readout  function.  If  the  mechanical  bearing 
marker  on  the  CRT  force  is  used  for  bearing  readout 
as  described  in  Paragraph  7.3.  l,the  beam  boresight 
will  stop  only  at  0.0°  (the  digital  indication). 

Intercept  operation  in  manual  mode  iu  accomplished  as  follows: 

(1)  Push  STOP  (l^  and  RESET  buttons  on  the  Master  Control 
Unit. 

(2)  Manually  set  the  desired  beam  into  the  beamformer  by  depressing 
the  switch-lamps  on  the  ring  counter  for  the  azimuth  desired. 

It  is  recommended  that  the  same  number  of  antennas  be  used 
in  the  intercept  modes  as  in  the  DF  mode. 
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Feedpoint  radius  meters 


Frequency  -  5.  000  MHz 
Array  size  -  23  consecutive 
antennas 


Frequency  -  10.  000  MHz 
Array  size  -  17  consecutive 
antennas 


Frequency  -  15.  000  MHz 
Array  size  -  17  consecutive 

antennas  ► 


Frequency  -  20.  000  MHz 
Array  size  -  11  consecutive 
antennas 


Constants:  75  meters  long, 
less  than  0.  25  meter  above 
ground  and  radially  spaced 
every  2°. 


FIGURE  30B .  BEVERAGE  ARRAY  PATTERN  FOR  WWV 
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Call  -  WWV 

Location  -  Ft.  Collins,  Colo. 
Distance  -  857  miles 
Frequency  -  2.  500  MHz 
Array  size  -  23  consecutive 
antennas 


Call  -  WNU 

Location  -  New  Orleans,  La. 
Distance  -  534  miles 
Frequency  -  2.  048  MHz 
Array  size  -  23  consecutive 
antennas 


Call  -  AFB5E1B 
Location  -  Houston,  Texas 
Distance  -  193  miles 

Frequency  -  3.  3  1  1  MHz 
Array  size  -  23  consecutive 
antennas 


46 


131 


Feedpoint  radius  meters 


Call  -  WKA  24 

Location  -  New  Orleans,  La. 
Distance  -  534 
Frequency  -  4.  985  MHz 
Array  size  -  23  consecutive 
antennas 
(Rapid  Fading) 

Constants:  75  meters  long, 
less  than  0.  25  meter  above 
ground  and  radially  spaced 
every  2° 


FIGURE  30C .  BEVERAGE  ARRAY  PATTERNS 
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Call  -  WKB-20 
Location  -  New  Orleans,  La. 
Distance  -  534  miles 
Frequency  -  10.  460  MHz 
Date  -  27  February  1967 


Call  -  WPA 

Location  -  Port  Arthur,  Texas 
Distance  -  281  miles 
Frequency  -  8.  550  MHz 
Date  -  27  February  1967 


Call  -  WPA 

Location  -  Port  Arthur,  Texas 
Distance  -  281  miles 
Frequency  -  12.  84  MHz 
Date  -  27  February  1967 
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Feedpoint  radius  meters 


Call  -  WWV 

Location  -  Ft.  Collins,  Colorado 
Distance  -  857  miles 
Frequency  -  5.  0  MHz 
Date  -  27  February  1967 
(Low  S/N  Ratio) 

Constants:  75  meters  long, 
less  than  0.  25  meter  above 
ground  and  radially  spaced 
every  2°. 


FIGURE  30D.  BEVERAGE  ARRAY  PATTERNS 
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Call  -  KA2XTO 
Location  -  Bandera,  Texas 
Distance  -  35  miles 
Frequency  -  6.  300  MHz 
Date  -  2  March  1967 
(S'-cywave  mixed  with  Ground 
Wave) 


Call  -  KA2XTO 
Location  -  Bandera,  Texas 
Distance  -  35  miles 
Frequency  -  6.  300  MHz 
Date  -  2  March  1967 
(Sky-wave  mixed  with  Ground 
Wave) 
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Feedpoint  radius  meters 


Call  -  CLA 

Location  -  Havana,  Cuba 
Distance  -  1090  miles 
Frequency  -  4.  35  MHz 
Date  -  28  February  1967 


Call  -  KLC 

Location  -  Galveston,  Texas 
Distance  -  210  miles 
Frequency  -  8,  66  MHz 
Date  -  28  February  1967 


Constants:  75  meters  long, 
less  than  0.  25  meter  above 
ground  and  radially  spaced 
eve  ry  ?  °. 


FIGURE  30E.  BEVERAGE  ARRAY  PATTERNS 
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Feedpo-nt  radius  meters 


Call  -  AF5JL 

Location  -  Corpus  Christi,  Texas 
Distance  -  139  miles 
Frequency  -  3.  311  MHz 
Date  -  28  February  1967 


Call  -  AFA5ZPC 
Location  -  Dallas,  Texas 
Distance  -  250  miles 
Frequency  -  3.  3  1 1  MHz 
Date  -  28  February  1967 


Call  -  AFB5  LHS 
Location  -  Austin,  Texas 
Distance  -  79  miles 
Frequency  -  3.  311  MHz 
Date  -  28  February  1967 


Call  -  AFB5EIB 
Location  -  Houston,  Texas 
Distance  -  193  miles 
Frequency  -  3.  311  MHz 
Date  -  28  February  -967 

Constants:  75  meters  long, 
less  than  0.  25  meter  above 
ground  and  radially  spaced 
every  2°. 


FIGURE  30F.  BEVERAGE  ARRAY  PATTERNS 
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8.  SYSTEM  CHECKOUT  PROCEDURE 


Once  all  antenna  assemblies  have  been  installed  and  connected  to  the 
signal  processing  equipment,  check  the  operation  of  each  individual  antenna 
network.  The  procedure  to  be  described  will  detect  defective  antennas, 
antenna  transformers,  coaxial  feedlines  or  high  pass  filters.  Additional 
test,  adjustments,  troubleshooting  and  maintenance  details  are  provided  in 
Section  9. 


Two  men  are  required,  one  to  position  an  RF  source,  and  another  to 
observe  the  pattern  on  the  CRT  indicator.  A  portable,  low  power,  battery 
operated  RF  source  operating  at  4.070  MHz  is  furnished  with  the  signal  pro¬ 
cessing  equipment;  however,  any  suitable  HF  signal  generator  such  as  the 
AN/URM-25D  or  Transmitter  T-279/UR  may  be  used. 

8.  1  Array  Alignment  and  Circuit  Check 

The  purpose  of  the  following  tests  is  to  insure  that  the  antenna  array 
is  properly  connected  in  the  correct  sequence  to  the  digital  commutator  and 
to  check  each  antenna  to  commutator  circuit  for  continuity  and  gain. 

(1)  Turn  system  ON  and  make  preliminary  adjustments  (Sections  7.  1 
to  7.  3). 

(2)  Follow  Steps  (1)  through  (4)  of  operating  instructions  for  com¬ 
mutator,  Operation  .c'eclion  7.4. 

(3)  Push  the  0*  antenna  switch  (Tt)  on  the  commutator  control 
board  to  set  08  RF  switch  ON.  Push  START  button  (l9)  . 

(4)  Connect  RF  source  across  the  antenna  side  of  the  transformer 
for  the  0°  antenna  (antenna  connected). 

NOTE:  A  special  BNC  test  jack  is  provided  for  the  0* 
input  (0°  antenna  test  input)  on  the  FRONT  of  the  upper 
RF  Drawer  to  perform  initial  tests  and  assist  in  trouble¬ 
shooting. 

(5)  Set  receiver  to  the  frequency  of  the  RF  source  and  advance 
receiver  RF  gain  until  the  tip  of  the  CRT  pattern  lies  about 
1/4  inch  from  the  alidade  marker  on  the  periphery  of  the 
indicator.  See  Figure  30A  for  typical  shape. 
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Rotate  the  mechanical  cursor  so  that  an  engraved  line  overlays  the 
tip  of  the  pattern.  The  cursor  should  coincide  with  0°.  If  the  line  is  not 
on  0°,  the  indicator  goniometer,  optical  encoder,  or  signal  transit  delay 
adjust  must  be  repositioned  or  reset  until  the  pattern  tip  is  at  0°.  The 
SIGNAL  TRANSIT  DELAY  will  permit  vernier  adjustment  in  0.  1  0  steps  for 
±0.5°.  For  each  adjustment,  repeat  Steps  (2)  through  (5).  (The  goniometer 
or  encoder  may  be  rotated  by  loosening  the  locking  or  hold  down  screws. 

Refer  to  TM-1 1-688.) 

(6)  Disconnect  the  RF  source  from  the  0°  antenna  and  reconnect  to 
the  2°  antenna.  An  identical  pattern  as  described  above  will 
appear  on  the  indicator.  The  pattern  display  should  be  coinci¬ 
dent  with  the  alidade  line  set  to  2°  with  no  change  in  length. 
Pattern  amplitude  variations  of  about  1/4  inch  can  be  tolerated. 
However,  if  the  pattern  is  shortened  over  1/4  inch,  some  com¬ 
ponent  of  the  antenna  circuit  is  not  operating  correctly  (see 
Section  8.2). 

(7)  Disconnect  the  RF  source  from  the  2°  antenna  and  reconnect  to 
the  4°  antenna.  The  display  should  be  coincident  with  the  4° 
mark. 

(8)  Repeat  for  all  antennas  in  the  array. 

NOTE:  If  the  displayed  pattern  is  not  coincident  with  the 
same  azimuth  marker  as  the  alidade  or  the  antenna  position 
tested,  recheck  cables  and  connections  for  proper  installa¬ 
tion. 

8.  2  Test  Procedure  for  Incorrect  or  Inoperative  Circuit 

The  following  procedure  assumes  that  the  commutator  and  DF  display 
equipment  is  operating  correctly:  refer  to  Section  9  for  other  details  if  a  dis¬ 
play  is  not  obtained  or  commutator  does  not  run.  A  considerably  shortened 
pattern  length  is  an  indication  of  a  defective  antenna  assembly.  To  find  the 
defective  component,  the  following  procedure  should  be  followed^: 

(1)  Check  the  antenna  tautness .  If  loose,  check  for  a  broken 
insulator  at  each  end. 

(2)  Bypass  the  antenna  transformer  and  connect  the  RF  Source 
directly  to  the  coaxial  feedline.  If  a  normal  pattern  results, 
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In  the  order  shown  1  through  7  or  in  reverse  order  f  through  a. 
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the  transformer  is  evidently  defective.  Check  connections  and 
continuity  (see  Figure  14  for  circuit  schematic).  Replace 
transformer  if  necessary. 

(3)  If  a  reduced  pattern  length  is  still  encountered,  disconnect  the 
feedline  at  the  low  pass  filter  and  connect  the  RF  source 

to  the  filter.  If  a  normal  pattern  results,  the  coaxial  feedline 
is  defec*’’  check  for  faulty  connectors  and/or  replace  cable. 

(4)  If  the  pattern  is  still  shortened,  bypass  the  filter  and  connect 
the  RF  source  directly  to  the  filter  to  commutator  cable.  A 
normal  pattern  at  this  point  is  an  indication  of  a  defective  filter. 
Check  connections  and/or  replace  filter. 

(5)  A  still  abnormal  pattern  is  an  indication  of  either  a  defective 
filter  cable  or  RF  board.  Bypass  the  feedline  and  connect  to 
the  proper  RF  input  (Burndy  connector)  on  the  commutator 
via  special  test  cable  furnished  and  again  observe  the  pattern. 

A  normal  pattern  indicates  a  defective  filter  cable;  check  con¬ 
nectors  particularly  the  Burndy  connector  for  damaged  center 
pin.  A  shortened  pattern  indicates  a  defective  RF  board. 

(6)  Check  for  improper  setting  of  gain  controls  on  the  proper  RF 
circuit  (see  Figure  15)  or  replace  board  and  set  gain  as 
described  in  Section  9.  The  defective  component  should  be 
removed  and  replaced. 

(7)  After  the  defective  component  has  been  located,  repaired  or 
replaced,  recheck  the  antenna  circuit  for  normal  pattern 
indication. 

(8)  A  pattern  with  excessive  amplitude  may  be  caused  by  a  faulty 
connection  or  by  improper  gain  setting  on  the  RF  board;  how¬ 
ever,  since  all  gain  adjustments  have  been  correctly  set 
prior  to  shipment,  it  ’s  recommended  that  all  circuit  connec¬ 
tions  be  checked  prior  to  adjustment  of  the  RF  gain. 

8.  3  System  Calibration^*  * 

In  order  to  minimize  instrumentation  errors,  it  will  be  necessary  to 
calibrate  the  CRT  display  as  a  function  of  azimuth  and  bearing  readout 


^Calibration  may  be  performed  simultaneously  with  the  array  checkout  tests 
of  Section  8.1. 

l^In  practice,  system  calibration  is  unnecessary  if  care  has  been  taken  in  the 
array  installation.  However,  tactical  situations  may  require  rapid  array 
installations,  and  calibration  is  recommended. 
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method.  Use  the  graph  paper  furnished  in  Section  1 1  to  plot  error  specified 
antenna  position  minus  bearing  as  read  from  the  alidade  versus  the  observed 
bearing. 

Error  =  Antenna  Position  -  Alidade  or  Decimal  Readout  Indications 
E  =  AP  -  OB 

To  correct  the  observed  bearings  for  on-the-air  signals,  reenter 
the  chart  to  find  correction  term  to  be  ADDED  to  the  bearing  as  read  (include 
any  SIGN  changes).  For  example:  suppose  for  the  initial  calibration  the 
observed  reading  is  10.2°  for  the  antenna  portioned  along  radial  for  10’ 
azimuth,  then 

E  =  AP  -  OB 

=  10.0°  -  10.2° 

=  -  0.2° 

The  error  will  be  plotted  as  -0.2°  for  the  10.2°  position.  Now,  further 
suppose  that  during  normal  operation  the  observed  bearing  for  an  on-the-air 
signal  is  read  as  10.2°.  Reenter  the  chart  as  10.2°  and  read  error  as 
-0.2°,  then 

TB  =  OB  +  Errcr 

=  10.2  -  0.2° 

=  10.0° 

8.  3.  1  Mechanical  Alidade 


Calibrate  as  follows: 

(1)  Prepare  system  for  operation  as  described  in  Section  8.  1. 

(2)  Record  the  alidade  readings  for  each  antenna  tested  in  Steps  (5) 
through  (8)  of  Section  8.  1  and  plot  error  versus  OB. 

8.3.2  Electronic  Alidade  with  Strobe  Rotation 

(1)  Set  digital  bearing  readout  method  (^)  switch  in  Strobe  Slew 
position. 
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(2)  Proceed  as  in  Step  (1)  of  8.  3.  1. 


An  electronic  cursor  should  be  observed  on  the  CRT  display  and 
be  coincident  with  0°  on  the  engraved  ring  (mechanical  alidade). 
If  not  exactly  coincident,  adjust  STROBE  CALIBRATION  on  the 
master  control  chassis  to  bring  into  coincidence.  The  digital 
bearing  readout  should  read  000.  0°. 


Rotate  electronic  strobe  by  pressing  either  the  CCW  (22)  or  CW 
^3)  buttons  until  the  strobe  exactly  bisects  the  CRT  signal 
pattern. 


Read  the  observed  bearing  from  the  DIGITAL  BEARING  READ¬ 
OUT. 


(6)  Plot  error  versus  OB. 


8.3.3  Electronic  Alidade  with  Pattern  Rotation 


Set  DBRM  switch  (Ti)  in  Pattern  SLEW  position. 


Proceed  as  in  8.  3.  1  Step  ( 1 ). 


Check  for  cursor  coincidence  as  in  Step  (3)  of  Section  8.  3.2.  If 
coincidence  is  NOT  obtained  DO  NOT  readjust  STROBE  CALI¬ 
BRATION  because  some  malfunction  exists.  Repeat  Steps  (1) 
to  (3)  of  Section  8.  3.  2.  It  is  important  to  push  RESET  anytime 
the  DBRM  switch  vosition  is  changed. 


Rotate  CRT  signal  pattern  by  pressing  either  the  CCW  (22)  or 
CW  (23)  buttons  until  the  pattern  is  exactly  bisected  by  the 
electronic  strobe  display  vertically  from  the  CRT  center 
(0®  position).  The  strobe  may  or  may  not  be  coincident  with 
the  0°  marker  for  the  mechanical  cursor.  Lse  care  to  align 
the  pattern  to  the  strobe  and  not  the  0*  mark. 


Read  the  observed  bearing  from  the  DIGITAL  BEARING  READ¬ 
OUT. 


Plot  error  versus  OB. 
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9.  ADJUSTMENTS,  MAINTENANCE  AND  TROUBLESHOOTING 


The  digital  commutator  and  associated  DF  equipments  have  been  in 
operation  in  excess  of  3000  hours  with  no  major  breakdown  or  other  diffi¬ 
culties  requiring  extensive  troubleshooting.  In  general,  the  troubles  experi¬ 
enced  could  be  traced  to:  (1)  incorrect  voltage  settings,  (2)  component 
failure  -  vacuum  tubes  or  transistors,  or  (3)  incorrect  adjustments  and 
operation. 

Basic  maintenance  diagrams  and  troubleshooting  procedures  are 
furnished  for  the  digital  commutator.  Descriptions  of  the  modified  portions 
of  both  the  IP  137/GRD  azimuth  indicator  and  goniometer  drive  chassis  and 
adjustments  required  are  included  also.  Refer  to  TM- 1 1-688  for  general 
maintenance  of  all  AN/TRD-4A  equipment. 

9.  1  IP  137/GRD  Chassis  (Modified) 


Because  the  Beverage  DF  set  required  a  positive  deflection  on  the 
CRT  to  display  the  synthesized  antenna  field  pattern  (amplitude  comparison 
system),  certain  modifications  to  the  signal  proceeding  circuits  were 
necessary.  Modifications  to  the  azimuth  indicator  are  shown  in  the  shaded 
portions  of  Figure  31.  The  video  detector  circuit  has  been  modified  by 
reversing  the  diodes  to  produce  an  increasing  positive  voltage  with  increasing 
signal  input  to  the  R390/URR  receiver.  The  control  modulator  has  also  been 
modified  to  produce  lineal  positive  deflection  on  the  cathode  ray  tube  by 
adjustment  of  the  injection  level  of  the  72-kHz  subcat  rier  for  optimum 
linearity  when  the  video  signal  is  increased  from  zero.  Correct  injection 
levels  are  shown  in  the  CRT  traces  on  Figure  31.  Positive  deflection  requires 
that  the  72-kHz  carrier  oe  minimized  at  the  input  to  V303/M  (an  added  ampli¬ 
fier  stage)  for  zero  video  input.  This  is  accomplished  by  injecting  a 
72-kHz  signal  of  the  correct  amplitude  and  phase  into  the  low  side  of  the 
secondary  of  T302.  AMPLITUDE  (9)  and  PHASr;  (fo)  controls  for  SPOT  SIZE 
adjustment  are  provided  on  the  front  panel  of  the  IP  137  chassis  (Figure  16). 
The  controls  are  interacting  and  may  need  additional  adjustments  due  to 
drift  in  the  balancing  circuit. 

To  initially  set  the  SIZE  ADJUST  potentiometers  in  the  grid  circuits 
of  V303/M  and  V303: 

(1)  Set  R390/URR  GAIN  to  zero. 

(2)  Set  SIZE  \DJUST  Switch  (fl)  on  the  front  panel  to  TEST. 
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(3)  Adjust  the  two  size  controls  on  V303/M  and  V303  until  full- 
scale  deflection  is  obtained  on  the  CRT  display.  The  outer  edge 
of  the  circle  should  just  disappear  behind  the  alidade  mask  on 
the  CRT  periphery.  Do  not  overdrive  because  limiting  may 
occur  in  the  amplifiers. 

(4)  Set  SIZE  Switch  (fl)  to  OPERATE. 

In  addition  to  the  above  modifications,  the  direct  video  input  is  used 
to  couple  the  electronic  strobe  into  the  signal  channel.  Additional  intensifica¬ 
tion  of  the  strobe  by  Z-Axis  modulation  of  the  CRT  has  not  proven  feasible 
(works  well  with  an  auxiliary  oscilloscope,  such  as  a  Telctronics  503, 
operating  in  parallel  with  the  IP  137  CRT,  however). 

9.  2  Digital  Commutator 

As  mentioned  earlier,  the  primary  function  of  the  digital  commutator 
is  to  sample  the  inputs  from  an  array  of  circularly  disposed  elements  in  a 
programmed  manner  and  to  provide  a  means  whereby  the  amplitude  and/or 
phase  oi  the  sampled  signal  can  be  displayed  in  synchronism  with  a  circular 
(sine-cosine)  sweep  applied  to  a  cathode  ray  tube.  The  objective  is  to  display 
a  synthesized  antenna  field  pattern  in  the  azimuth  plane,  based  upon  the  assump¬ 
tion  that  all  elements  have  identical  response  in  both  horizontal  and  vertical 
planes  and  at  all  frequencies,  that  can  be  used  to  accurately  determine  the 
azimutha’  angle  of  arrival  of  a  radio  signal. 

The  digital  commutation  method  permits  a  variety  of  methods  for 
summing  and  phasing  of  elements,  and  spacing  of  elements  used  to  form  a 
beam.  Specifically,  it  was  desired  to:  (1)  commutate  a  circular  array  of 
180  antenna  elements  with  an  element  located  every  2°  azimuth  by  turning 
ON  or  OFF  180  RF  switches,  one  per  antenna  circuit,  that  are  connected  in 
parallel  to  a  single  rrdio  receiver  input;  and  (2)  commutate  a  beam  formed 
by  the  summation  of  any  number  of  antennas,  with  any  desired  separation 
between  sampled  antenna  inputs,  continuously  and  repeatedly  through  360° 
azimuth. 

For  discussion  purposes,  the  commutator  system  can  be  divided  into 
three  sections: 

(1)  RF  Switch  oi  Gate  -  There  is  one  switch  in  series  with  each 
RF  input;  all  switch  outputs  are  connected  in  parallel  (summed) 
to  a  receiver  input. 

(2)  Ring  Counter  -  The  purpose  of  the  ring  counter  is  to  turn  the 
RF  switch  ON  or  OFF  in  a  programmed  manner.  There  is 
one  counter  stage  per  RF  Gate. 
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(3)  Control  Circuits  -  Provides  the  clock  or  trigger  pulses  to  the 

ring  counter  and  contains  the  necessary  circuits  to  synchronize 
the  application  of  the  clock  pulses  with  external  signal  processing, 
display  and  bearing  readout  circuits. 

A  basic  block  diagram  of  the  system  was  shown  in  Figure  6. 

9.2.1  RF  Chassis 

A  schematic  of  the  RF  Gate  circuit  was  given  in  Figure  15.  The  pur¬ 
pose  of  the  RF  Gate  is  to  pass  or  inhibit  the  signals  present  at  a  specific 
antenna  input  when  instructed  by  the  ring  counter.  The  insertion  gain  of  an 
individual  stage  (but  loaded  by  179  others  at  the  common  output)  is  approxi¬ 
mately  10  dB  from  2  to  20  MHz  and  decreasing  to  0  dB  at  30  MHz. 

The  push-pull  arrangement  shown  in  Figure  15  is  used  to  minimize 
transients  caused  by  the  switching  pulse.  In  normal  operation,  switching 
tiansients  can  be  reduced  below  the  receiver  noise  level. 

9.  2. 1.1  Adjustment  for  Minimum  Switching  Transient 

Since  the  switching  pulse  frcm  the  ring  counter  has  a  rise  time  of 
less  than  1  microsecond,  it  is  possible  to  produce  switching  transients  in 
the  signal  channel  within  the  frequency  range  of  the  receiver  when  an  RF 
gate  is  biased  ON  or  OFF.  However,  the  gating  pulse  is  injected  in  parallel 
(common  mode)  to  both  transistors  in  the  push-pull  (signal  path)  gate  (see 
Figure  15);  therefore,  by  common  mode  rejection  in  the  amplifier -gate,  it 
is  possible  to  reduce  transients,  due  to  the  switching  pulse,  below  the  noise 
level  at  the  output  of  the  digital  commutator.  Good  rejection  requires  that  the 
two  2N711B  transistors  be  gain  balanced.  Experience  has  shown  that  if 
transistors  are  selected  from  the  same  production  batch,  a  BALANCE 
potentiometer  in  the  emitter  circuits  of  the  two  transistors  will  provide 
adequate  compensation. 

Although  all  circuits  have  been  properly  adjusted  just  prior  to  ship¬ 
ment,  switching  noise  at  the  audio  output  of  the  receiver  or  on  the  CRT  dis¬ 
play  can  be  due  to  the  following  causes  when  the  commutator  is  running  and 
no  signal  is  present.  Interference  due  to  switching  transients  is  easily 
differentiated  from  normal  noise  by  a  chopped  characteristic  to  the  CRT 
display; 

(1)  Improperly  set  power  supply  voltages, 

(2)  Improper  level  of  switching  voltage  to  RF  Gate, 


(3)  Improper  trigger  drive  level  into  the  ring  counter, 

(4)  Improper  setting  of  the  gate  GAIN  control  of  the  RF  Gate, 

(5)  Defective  transistors  in  the  RF  Gate  circuits,  and 

(6)  Improper  adjustment  of  the  gate  BALANCE  control. 

Items  (1),  (2)  and  (3)  can  be  recognized  by  omnidirectional  switching 
transients  on  the  CRT  display.  Items  (4),  (5)  and  (6)  can  be  recognized 
by  a  directional  characteristic  of  the  switching  noise  on  the  CRT  display 
because  the  difficulty  lies  in  a  particular  stage  of  the  commutator.  The 
CRT  alidade  can  be  used  to  locate  the  defective  stage. 

Minimize  switching  transients  as  follows: 

(1)  Operate  system  as  described  in  Section  8.  1  Steps  (1)  to  (3), 
with  no  RF  signal. 

(2)  Use  either  the  CRT  on  the  azimuth  indicator  or  connect  an 
oscilloscope  to  the  R390  IF  OUTPUT.  An  oscilloscope  is  pre¬ 
ferred. 

(3)  Advance  R390  RF  Gain  until  a  noise  circle  is  noted  on  the  CRT 
display  or  a  convenient  noise  level  is  obtained  on  the  oscillo¬ 
scope  trace. 

(4)  Study  display  for  characteristic  indications  of  switching 
transient  noise  as  described  above.  Determine  the  defective 
stage(s)  if  any. 

(5)  If  switching  noise  is  present  from  all  stages,  check  all  voltages 
to  commutator.  Measure  voltages  to  Master  Control  Chassis 
on  Card  9  (Figure  29  and  Figure  52),  the  load  side  of  the  series 
diodes.  Use  an  oscilloscope,  with  DC  input  and  internal 
trigger  to  check  all  switching  voltage  levels  (180  circuits)  from 
flip-flop  to  RF  Board  on  the  quick  disconnect  switch  (Figure  29). 
Correct  logic  levels  are  -0.  2V  OFF  and  -6V  ON.  Check 
trigger  level  into  ring  counter  chassis  (rear  panel  BNC  - 
Figure  29);  logic  level  is  0  to  -6V;  pulse  length  is  approximately 
10  microseconds. 

(6)  If  switching  transients  are  occasional  and  directional,  adjust 
BALANCE  control  (Figure  15)  on  defective  stage  until  the 


switching  transient  is  reduced  below  the  R390  receiver 
noise. 

9.2. 1.2  Gain  Adjustment 

The  GAIN  of  each  amplifier  is  set  individually  but  operating  in  the 
DF  set  -  commutator  not  running. 

(1)  Turn  system  ON  as  described  in  Section  7.  1  and  allow  5  to 
10-minute  warmup. 

(2)  Remove  front  panel  screws  from  the  upper  RF  switch  drawer 
and  pull  out  as  shown  in  Figure  32.  Remove  the  board  hold¬ 
down  assembly. 

(3)  Connect  a  signal  generator  to  the  0°  and  2°  inputs  (RF  Cable  1) 
as  shown  in  Figure  33,  and  set  the  frequency  to  approximately 
5  MHz. 

(4)  Connect  a  VTVM,  oscilloscope,  or  RMS  meter  to  the  IF  OUTPUT 
of  the  R390/URR  receiver. 

(5)  Push  the  STOP  (l4)  and  RESET  @  buttons. 

(6)  Push  the  switch-lamp  button  at  0*  (lj)  and  note  that  only  the  0* 
lamp  is  ON. 

(7)  Refer  to  Figure  15  for  Gain  Control  location.  Note  that  there 
are  two  RF  circuits  per  board.  Antenna  inputs  to  the  drawer 
progress  sequentially  in  a  clockwise  manner  with  the  lower 
azimuthal  number  located  on  the  outside  edge  of  each  band, 
see  Table  IV  for  assignments.  Convenient  groupings  of  RF 
Gate  locations  and  related  antenna  portions  are  labeled  on  the 
chassis.  Gain  is  increased  by  turning  the  potentiometer 
counte  rclockwise . 

(8)  Tune  the  R390  to  the  signal  frequency,  and  increase  the  signal 
input  level  until  a  convenient  indication  is  obtained  on  the  volt¬ 
meter  or  oscilloscope.  Do  not  use  an  input  signal  level  greater 
than  10  millivolts,  however.  (Nonlinear  operation  begins  about 
30  millivolts  input. ) 

(9)  Turn  the  GAIN  control  on  the  RF  switch  -  clockwise  to  reduce 
gain  (base  bias  reduced  toward  zero  volts  DC). 
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TABLE  IV.  WIRING  LISTS  FOR  RING  COUNTER 
STAGES  TO  RF  SWITCH 
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(10)  Increase  the  gain  adjust  counterclockwise  until  the  output  meter 
indication  goes  through  a  maximum.  Check  tuning  of  R390. 

(11)  Back  off  the  gain  control  -  clockwise  until  the  output  drops  3  dB 
below  the  maximum  level  obtained  in  Step  (10).  Note  the  output 
meter  level  and  use  as  a  reference  for  adjustment  of  all  other 
RF  switches. 

CAUTION:  Reduce  gain  as  described;  DO  NOT  continue 
to  turn  adjustment  counterclockwise  since  the  RF  switch 
will  be  overdriven  by  the  switching  pulse  into  the  non¬ 
linear  region.  The  bias  level  at  each  transistor  base  must 
be  less  negative  than  the  value  obtained  in  Step  (10). 

(12)  Depress  the  RESET  button  to  turn  the  08  circuit  OFF. 

(13)  Push  the  switch-lamp  for  the  2“  circuit,  and  repeat  Steps  (9), 
(10)  and  (11)  but  take  care  that  the  same  reading  is  obtained  in 
Step  (11)  for  the  08  circuit.  Check  R390  tuning. 

(14)  Push  RESET  and  set  0°  circuit  ON  to  check  reference  level. 

(15)  Remove  input  for  the  2°  circuit  and  reconnect  to  the  4’  circuit. 
Push  RESET. 

(16)  Push  the  4°  switch  lamp  ON  and  repeat  Steps  (13)  and  (14). 

(17)  Repeat  Steps  (13)  through  (15)  for  all  other  RF  switches  (6*  to 
3588).  See  Table  III  for  input  assignments  -  RF  inputs  3308  to 
3588  and  08  to  148°  are  located  in  the  top  RF  drawer,  and 
1508  to  328°  are  located  in  the  bottom  RF  drawer. 

9.2.2  Ring  Counter 

Because  each  RF  gate  is  essentially  autonomous  (although  all  are 
summed  to  a  common  output),  the  number  and  positions  of  the  gates  that  may 
be  turned  ON  at  any  instant  are  controlled  by  a  voltage  applied  to  each  gate 
from  an  associated  flip-flop  stage  within  a  ring  counter  circuit.  The  ring 
counter  is  a  specialised  circuit  formed  from  shift  register  type  flip-flop 
stages.  It  is  the  incorporation  of  shift  register  flip-flops  that  provides  the 
capability  of  carrying  more  than  one  bit  or  count  (more  than  one  RF  input 
sampled  at  the  same  time)  in  the  ring  counter.  If  a  multiple  count  is  set  up, 
the  counts  do  not  have  to  be  adjacent  or  consecutive  but  can  be  spaced  at 
will  within  the  counter  and  sequentially  clocked  around  the  counter  while 
maintaining  the  preset  count  separation. 
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Consecutive  counter  stages  correspond  to  consecutive  antenna  circuits 
in  a  circular  array,  i.e.,  0°,  2° ,  4°,  6#,...,356#  and  358° .  To  sum 
elements  into  an  array,  a  stationary  beam  is  first  established  symmetrically 
about  some  reference  element,  say  0°,  by  manually  setting  the  desired  bits 
(counts)  into  the  proper  register  locations  by  push  button  switches  on  the 
beamformer  panel  (Figure  28).  For  example,  if  five  consecutive  elements 
are  to  be  summed,  the  bits  would  be  set  into  register  location  for  356°, 

358°,  0°,  2°  and  4°.  A  sync  pulse  corresponding  to  0°  on  the  CRT  display 
enables  a  gate  (hold-off  circuit)  so  that  clock  pulses,  derived  from  a  motor 
driven  rotary  optical  pulse  generator  (optical  shaft  encoder)  that  is  mechani¬ 
cally  coupled  to  the  sine -cosine  indicator  goniometer,  triggers  the  register 
The  mechanical  coupling  maintains  synchronism  between  commutation  and 
CRT  display. 

The  clock  pulses  are  applied  in  parallel  to  all  stages  and  to  both 
sides  of  each  flip-flop  state  of  the  ring  counter  (shift  register  connection) 
through  a  pedestal  gate.  Refer  to  Reference  of  Section  4.  2.  7  (3)  for  more 
detailed  theory  of  ring  counter  operation. 

In  order  to  visually  determine  which  stages  are  ON,  particularly  for 
the  static  beamforming  process,  an  incandescent  lamp  with  its  driving 
circuit  is  made  an  integral  part  of  each  stage  in  the  ring  counter.  The 
design  is  such  that  the  lamp  glows  whenever  the  RF  switch  associated  with 
the  respective  flip-flop  stage  is  ON  (Figure  28). 

A  block  diagram  of  one  complete  stage,  shift  register  flip-flop,  RF 
Gate  and  logic  state  indicator  is  shown  in  Figure  34.  There  are  180  such 
stages  in  the  commutator.  Schematic  details  of  the  flip-flop  stages  are  not 
necessary  because  of  the  welded  construction  of  each  unit.  (If  a  failure  is 
traced  to  a  welded  module,  replace  the  entire  unit  -  do  not  attempt  repair.  ) 

A  representative  ten- stage  ring  counter  is  shown  in  Figure  35.  To 
obtain  180-stage  ring  counter  operation  requires  that  180  units  identical  to 
that  within  the  shaded  portion  be  connected  as  shown.  A  printed  circuit 
board  containing  twelve  flip-flop  stages  and  emitter  following  trigger  ampli¬ 
fier  is  shown  as  part  of  Figure  36.  There  are  fifteen  boards  identical  in 
every  way  except  the  trigger  amplifier  (emitter  follower)  shown  is  i’sed  to 
drive  twenty-four  stages  (two  boards)  of  the  ring  counter.  A  view  c j.  the 
ring  counter  chassis  is  shown  in  Figure  37;  note  that  corresponding  antenna 
position  numbers  are  marked  on  the  top  of  some  welded  modules. 

9.2.3  Logic  Control  and  Bearing  Readout  Circuits 

A  logic  block  diagram  of  the  control  circuits  for  the  ring  counter  and 
logic  circuits  associated  with  the  generation  of  the  electronic  strobe  and 
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NOTE;  SEE  REFERENCE  3  OF  SECTION  4.2.7  FOR 
DESORPTION  OF  OPERATION. 


FIGURE  36.  DIGITAL  LOGIC  BOARD  FOR  TWELVE  STAGES  OF  RING  COUNTER 


LAMP  DRIVER 
ASSEMBLY 
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FIGURE  37.  RING  COUNTER.  CHASSIS 


bearing  readout  counter  is  shown  in  Figure  38.  Logic  diagrams  of  each 
printed  circuit  board  are  shown  in  Figures  39  through  43.  Associated  wiring 
lists  and  function  designations  are  given  in  Table  V.  Master  Control  boards 
1  through  9  are  shown  in  the  chassis  in  Figure  44  and  individually  in 
Figures  45  through  52.  Welded  module  designations  are  specified  in 
Figure  38  and  the  wiring  diagrams.  Specifications  for  the  modules  are  given 
in  Figure  53.  Schematics  of  special  circuits  are  given  in  Figures  54A  through 
54E.  Figure  55  describes  the  time  relationships  of  various  pulse  trains 
within  the  commutator,  ai.d  Figures  56  and  57  show  oscilloscope  traces  at 
various  test  points  within  the  Master  Control  chassis.  Reference  signals 
are  shown  in  the  upper  trace  of  each  sequence. 

9.  3  Goniometer  Chassis  Modification 


The  DFG-2  Goniometer  chassis  has  been  modified  in  the  following 
manner  (refer  to  Figure  18  and  TM-1 1-688): 

(1)  The  signal  goniometer  has  been  replaced  t  /  an  optical  shaft 
encoder. 

(2)  The  indicator  drive  motor,  O-ring  drive  assembly  and  pulleys 
have  been  replaced  by  an  1800-rpm  single-phase  synchronous 
motor  and  gear  belt  drive  (a  spare  belt  is  provided). 

The  optical  shaft  encoder  required  a  special  drive  and  mount  assembly 
as  detailed  in  Figure  58. 

NOTE:  Extreme  care  must  be  taken  in  the  assembly  or  dis¬ 
assembly  of  the  encoder  unit  or  drive  assembly.  Correct 
shaft  alignment  is  absolutely  necessary  to  prevent  damage  to 
the  encoder  disk.  Particular  attention  is  required  for  proper 
alignment  of  the  oldham  coupling. 

9. 4  Troubleshooting 

Figures  38  through  57  can  be  used  to  troubleshoot  all  logic  circuits 
in  the  commutator.  Typical  pulse  widths  are  shown  on  Figures  56  and  57. 
Detailed  troubleshooting  symptoms  cannot  be  given  since  the  malfunctions 
to  date  havo  been  minimal  and  random.  It  is  recommended  that  an  orderly 
procedure  be  established  to  trace  the  source  of  a  circuit  failure.  ALWAYS 
CHECK  FUSES  AND  VOLTAGE  LEVELS  before  making  exhaustive  circuit 
checks  (see  Figure  59  for  fuse  size  and  location).  Refer  to  TM-1 1-688  and 
TM-11-856  for  troubleshooting  of  the  Azimuth  Indicator,  R390/URR 
receiver,  and  goniometer. 
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FIGURE  39.  LOGIC  DIAGRAMS  FOR  MASTER  CONTROL  BOARDS  1  AND  2 
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FIGURE  41.  LOGIC  DIAGRAMS  FOR  MASTER  CONTROL  BOARDS  5  AND  6 


FIGURE  42.  LOGIC  DIAGRAM  FOR  MASTER 
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TABLE  V.  WIRING  LISTS  FOR  MASTER 
CONTROL  CHASSIS  (Cont'd) 
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TABLE  V.  WIRING  LISTS  FOR  MASTER 
CONTROL  CHASSIS  (Cont'd) 
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FIGURE  45.  LOGIC  BOARD  NO.  1  -  MASTER  CONTROL  CHASSIS 


FIGURE  46.  LOGIC  BOARD  NO.  2  -  MASTER  CONTROL  CHASSIS 
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Figure  47.  logic  board  no.  3  -  master  control  chassis 


48.  LOGIC  BOARD  NO.  4  -  MASTER  CONTROL  CHASSIS 


1-113 


FIGURE  51.  LOGIC  BOARD  NO.  8  -  BINARY  TO  DECIMAL 
DECODER  AND  LAMP  DRIVER 


DIODE  PROTECTION 
FOR  LOGIC  CIRCUIT 


LAMP  DRIVER 
‘COMMUTATOR 
RUNNING" 
INDICATOR 


PULSE  GENEK-TOR 
FOR  TEST  MODE 
(SLOW  CLOCK) 


ONE  SHOT 
DELAY 
8  CONTROL 


DC  POWER  TO 
LOGIC 


INPUT  FROM 

LOGIC  POWER  SUPPLIES 


FIGURE  52.  LOGIC  BOARD  NO.  9  -  MASTER  CONTROL  CHASSIS 


WELDED  MODULE  SPECIFICATIONS 


To  check  commutator  set  in  a  beam  described  in  Section  7: 

(1)  Press  START  button,  and  observe  if  the  RUN  indicator  flashes 
at  a  5-cycle  rate.  If  CRT  pattern  is  steady,  no  further  test 
need  be  made;  however,  if  commutator  runs  but  pattern  rotates, 
go  to  Step  (6)  below. 

(2)  If  commutator  does  not  run,  switch  SIZE  (Item  11,  Figure  16) 
to  TEST.  If  full-scale  circle  is  observed  on  CRT,  then  shaft 
encoder  is  rotating. 

(3)  If  spot  only  (no  circle),  check  goniometer  flywheel  to  visually 
determine  if  shaft  is  rotating 

(4)  If  no  rotation,  check  goniometer  chassis  (TM-1 1-688). 

(5)  If  shaft  is  rotating  and  no  circle,  check  IP  137  (TM-1 1-688). 

(6)  If  CRT  circle  is  obtained,  use  a  BNC  tee  connector  into  SYNC  (25) 
and  OPTICAL  GEN  TRIGGER  (0)  outputs  and  establish  that  the 
proper  counts,  ten  pulses  per  second  and  36  kHz,  are  being 
obtained  (by  calibrated  oscilloscope  or  frequency  counter). 

(7)  If  counts  are  correct,  go  to  Step  (9);  if  improper  counts,  check 
voltages  to  electronics  module  (Figure  18),  and  direct  outputs 
from  the  shaft  encoder  assembly  (approximately  50 -millivolt 
pulses  from  CW  and  CCW  leads  with  900  pulses  per  revolution, 

9  kHz  from  each  output). 

(8)  If  no  output  at  encoder  (input  t.o  electronics  module),  recheck 
all  voltages  and  replace  encoder  if  necessary. 

(9)  If  pulse  counts  of  Step  (6)  are  correct,  trace  pulse  circuits 
through  commutator  by  reference  to  Figures  38,  55,  56  and  57, 
and  Table  V.  Isolate  the  defective  stage(s)  and  repair  or  replace 
as  esaary.  The  prima.ry  pathB  for  deriving  the  ring  counter 
trigger  and  sync  pulses  are  shown  by  the  heavy  lines  on 

Figure  38  (all  other  circuits  are  used  for  bearing  readout  and 
cursor  generation  and  hava  no  direct  influence  upon  the  opera¬ 
tion  of  the  commutator  main  task  -  to  sample  the  antenna 
array  in  a  programmed  manner).  Begin  troubleshooting  at 
the  1800-OUTPUT  TO  RING  COUNTER  jack  on  the  back  panel. 
Pulse  count  should  be  1800  pulses/second.  Refer  to  Figures  56 
and  57  for  CRT  traces.  If  incorrect  count,  check  decade 
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Doubler  output  -  7  2  kHz 


A-pulse  -  16  kHz 
Phase  splitter  outputs 

B  -pulse  -  36  kHz 


Shaped  A-pulse 

Inputs  to  strobe  or 
pattern  rotation  controls 

Shaped  B-pulse 


C-pulse  out»l .  8  kHz 


D-pulse  out  1.8  kHz 
(not  used) 


Start  gate  enabled 
by  sync  puls~  - 
disabled  by 
Strobe  pulse 


n 


C-pulse  input 

to  1 . 8  kHz  ring  counter 


1.  C  -  Pul  se  clocks  commutator 
when  in  strobe  slew  or  fixed 
pattern  position. 

2.  The  two  counters  count  0* 
to  359.  9.  Counter  No.  1 
(Strobe  Position  Counter)  gener¬ 
ates  the  Strobe  pulse  (electronic 
cursor)  while  Counter  No.  2 

(  Bearing  Readout  Counter)  pro¬ 
vides  a  digital  readout  ( in  deci¬ 
mal  degrees  azimuth)  of  the  loca¬ 
tion  of  the  strobe  pulse  in  Counter 
No.  1  relative  to  a  reference  posi¬ 
tion  (  sync  pulse  at  0.  0*). 

3.  The  bearing  readout  counter 
will  count  for  one  revolution 
(maximum)  of  the  optical  gener*- 
ator  (or  indicator  goniometer) 
shaft.  The  counter  input  gate  is 
enabled  by  the  strobe  pulse  and 
disabled  by  the  sync  pulse  for 
pattern  rotation.  Conversely 
the  sync  pulse  enables  and 
strobe  pulse  disables  the  gate 
for  strobe  rotation((fixed  pattern 
display). 

4.  The  digital  readout  of 
Counter  No.  2  is  held  for  two 
revolutions  then  is  reset  in  the 
fourth  revolution  i.  e.  ,  in  four 
shaft  revolutions  the  count  is 
made,  displayed  visually  and 
reset  to  zero.  The  readout  Is 
balanced  during  the  reset  cycle 
(  causing  the  readout  to  blink). 
Counter  No.  1  is  not  reset 
(after  the  sync  pulse  operates 
the  start  gate  to  the  ring  counter) 
and  continues  to  count  sequential 
pulses  that  enter  the  180  stage 
ring  counter. 

5.  Strobe  or  cursor  gate  reads 
2,  1  *  in  example. 


Strobe  or  cursor  gate 


n_ 


Strobe  or  cursor  pulse 


)MMUTATOR  TIMING  DIAGRAM 
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Upper  Trace  -  36  kHz  Optical  Generator 
Rear  Panel  BNC 

Lower  Trace  -  36  kHz  Delay  One  Shot 
Output  Pin  0338 

Sweep:  Horizontal  -  10  ^sec/cm 
Vertical  -  5  volts/cm 
Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


Upper  Trace  -  36  kHz  Optical  Generator 
Rear  Panel  BNC 

Lower  Trace  -72  kHz  Input  to  Phase 
Splitter  Pin  0138 
Sweep:  Horizontal  -  10  ^sec/cm 
Vertical  -  5  volts/cm 

Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


Upper  Trace  -  72  kHz  Trigger  to  Phase 
Splitter  Pin  0138 
Lower  Trace  -  "A"  Pulse  One  Shot 
Pin  0314 

Sweep:  Horizontal  -  10  p.sec/cm 
Vertical  -  5  volts/cm 
Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


Upper  Trace  -  7  2  kHz  Trigger  to  Phase 
Splitter  Pin  0138 
Lower  Trace  -  "B"  Pulse  One  Shot 
Pin  0316 

Sweep:  Horizontal  -  10  ^sec/cm 
Vertical  -  5  volts/cm 

Trigger:  External  from  "Scope  Trigger" 
BNC  L’^ar  Panel 


Upper  Trace  -  36  kHz  Optical  Generator 
Rear  Panel  BNC 

Lower  Trace  -  Phase  Splitter  "A"  Pulse 
Pin  0118 

Sweep:  Horizontal  -  10  ^sec/cm 
Vertical  -  5voIts/cm 
Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


FIGURE  56.  OSCILLOSCOPE  TRACES  OF  PULSE  TEST  POINTS 
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Upper  Trace  -  One  Shot  "B"  Pulse 
Pin  0316 

Lower  Trace  -  "C"  Pulse  Output 
Pin  0132 

Sweep:  Horizontal  -  10  pse c/cm 
Vertical  -  5  volts/cm 

Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


Upper  Trace  -  One  Shot  "B"  Pulse 
Pin  0316 

Lower  Trace  -  "C"  Pulse  Output 
Pin  0132 

Sweep:  Horizontal  -  50  psec/cm 
Vertical  -  5  volts/cm 

Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


Upper  Trace  -  One  Shot  "B"  Pulse 
Pin  0316 

Lower  Trace  -  One  Shot  "C"  Pulse 
Pin  0333 

Sweep:  Horizontal  -  100  psec/cm 
Vertical  -  5  volt/cm 

Trigger:  External  from  "Scope  Trigger" 
BNC  Rear  Panel 


Strobe  Output  Rear  Panel  BNC 
Sweep:  Horizontal  -  10  psec/cm 
Vertical  -  5  volts/cm 

Trigger:  Internal 


t 


Optical  Generator  Zero  Sync  Input 
Rear  Panel  BNC  or  Pin  0320 
Sweep:  Horizontal  -  5  psec/cm 
Vertical  -  5  volts/cm 
Trigger:  Internal 


FIGURE  57. 


OSCILLOSCOPE  TRACES  OF  PULSE  TEST  POINTS 
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divider;  if  no  pulse  output,  check  sync  circuits  and  hold-off 
gate. 

(10)  If  trigger  output  to  ring  counter  is  correct,  check  trigger  buss 
on  ring  counter  chassis  (pin  41,  each  connector)  and  the  emitter 
follower  outputs  on  Boards  Nos.  1,  3,  5,  7,  9  and  11. 

(11)  If  trigger  pulses  are  present  at  each  emitter  follower  output 
and  commutator  does  not  run,  switch  CLOCK  INPUT  switch 

to  TEST.  The  switch  to  TEST  must  be  done  after  the 
commutator  hold-off  circuits  have  been  enabled  by  the  START 
sequence.  Do  not  push  STOP  button  (Q)  when  in  the  TEST  posi¬ 
tion.  Use  only  the  RESET  function.  If  it  is  desired  to  stop 
during  test  commutation,  place  CLOCK  INPUT  (o)  in  OFF 
position. 

(12)  Set  0°  antenna  switch  (n)  ON  and  with  CLOCK  INPUT  in  TEST, 
adjust  pulse  rate  of  test  clock  by  adjustment  of  TEST  RATE 
control.  Rate  should  be  slow  enough  to  observe  the  one  bit 
being  sequentially  stepped  through  the  ring  counter.  A  defective 
stage  can  be  determined  by  noting  the  antenna  position  on  the 
beam  forming  panel  where  the  ON  lamp  fails  to  pass,  i.  e.  , 
count  is  dropped. 

(13)  Experience  has  shown  that  the  most  probable  cause  is  faulty 
contact  between  the  printed  circuit  board  and  its  chassis  con¬ 
nector;  therefore,  a  slight  scrubbing  motion  between  the  board 
and  connection  may  be  all  that  is  necessary.  If  trouble  persists 
at  an  identifiable  stage,  check  voltage,  wiring  and  flip-flop  unit. 
Repair  or  replace  as  required. 

(14)  If  commutator  runs  but  no  RF  signal,  check  cable  connections  to 
R390  and  azimuth  indicator  chassis.  Check  power  supply  voltages 
to  RF  drawers.  Insert  test  signal  oscillator  at;  (1)  R390  INPUT, 
then  (2)  test  jack  for  0°  antenna.  Special  test  cables  for  the 
Burndy  multiconnectors  are  provided. 

9.  5  System  Performance  Tests 

Optimum  performance  from  the  Beverage  DF  system  can  be  obtained 
when  all  components  are  properly  adjusted  and  aligned.  Aside  from  the  cali¬ 
bration  program  previously  described,  other  tests  that  can  be  easily  per¬ 
formed  are:  receiver  sensitivity  and  noise  figure,  and  array  sensitivity  and 
gain.  Typical  tensitivity  and  noise  figures  as  a  function  of  frequency  for  the 
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R390  receiver  furnished  are  plotted  in  Figure  60;  array  sensitivity  as  a  func¬ 
tion  of  frequency  and  antenna  elements  used  to  form  the  array  beam  is  plotted 
in  Figure  61.  A  typical  plot  of  array  gain  as  a  function  of  antennas  forming 
the  beam  is  plotted  in  Figure  62  for  10  MHz. 
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FIELD  STRENGTH  FOR  10  dB  SIGNAL-PLUS-NOISE 


Number  of  Elements  in  Array 


10.  MISCELLANEOUS 


10.  1  Shipping  Lists 

A  listing  of  the  boxes  and  contents  for  the  Beverage  DF  system  is  given 
in  Table  VI.  All  shipping  crates  have  been  designed  for  reuse;  therefore, 
it  is  important  that  they  be  opened  on  the  side  marked  OPEN  HERE.  Repre¬ 
sentative  crates  are  shown  in  Figure  63. 

CAUTION:  Use  extreme  care  in  handling  and  uncrating  the 
electronic  equipment;  refer  to  the  special  handling  instructions 
included  with  the  packing  list  on  the  outside  of  each  crate. 

10.2  Antenna  Components  for  One  Antenna  Circuit 


A  complete  listing  and  identification  of  all  parts  for  one  antenna 
assembly  up  to  the  RF  input  to  the  commutator  is  given  in  Table  I. 

10.3  Spare  Parts 

An  itemized  list  of  all  spare  parts  shipped  with  the  system  is  given 
in  Table  VII. 


I 


V 
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TABLE  VI.  SHIPPING  L.ST  FOR  BEVERAGE 
ANTENNA  HARDWARE 


aumiM  urr 

MX 


mo 

WEIGHT 

hi 

1 

IMim  AjimUUi 

t*  On  It* 

2M 

55-l/f*  55-1/4"  a  11.1  It" 

2 

Afm  iUaiMkUw 

It*  4n  14* 

ua 

IT- 1/4-  a  ia-l/4-  a  ia-T/»" 

A. 

MnnIumUIii 

at*  on  u* 

aaa 

aa-i/t"  a  aa-i/t-  a  la-y/a* 

4 

nma  AicwsMlai 

M*  On  Tt* 

IN 

aa.i/t"  a  aa-i/t-  a ia.T/t- 

• 

AsttMMA  AAMmMIn 

Tt*  On  at* 

aaa 

at. l/f  a  aa-i/t"  a  la-r/t- 

4 

yt*  in  lit*”  " 

aat 

aa-i/t"  a  aa-i/t-  a  ia-T/t" 

t 

AMaaUlM 
ltt*  4ii  124* 

tat 

ia.i/t"  a  aa-i/t-  a  ia-?/t“ 

• 

ton  IiwMIm 

iat*  on  ua* 

IN 

aa-i/t-  a  aa-i/t"  a  ia-T/t- 

* 

IM«mi  AiNatUu 
ltt*  On  lit* 

iaa 

aa.i/4"  a  ia-i/4-  a  ia-7/i- 

It 

M«m  AumIUm 

Ita*  On  ITt* 

234 

aa.i/t"  ■  aa-i/t-  a  ia-T/t- 

11 

low  AtNaUlM 
ltt*  On  iyt* 

aat 

ia-i/4-  a  aa-i/t"  a  ia-T/t- 

12 

IQW  tonMlM 

iya*  on  ait* 

234 

aa-l/t"  a  55-1/4"  a  14-7/1- 

u 

low  OimMln 
ait*  on  aaa* 

aaa 

aa.i/4-  a  aa.i/4-  a  ia-T/t- 

14 

«■!»—« 

V4  on  aaa* 

aaa 
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■» 

IQm  ImwMIii 
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u 
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IT 

f  atrw  AattakUM 
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It 

AfltftflSA  AcmhMIm 

tat*  on  aaa* 
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aa-i/t-  a  aa-i/t-  a  ia-T/t- 

It 

AatMMft  AmwbUUi 

aat*  on  ata* 

iaa 

aa-i/t"  a  aa-i/t-  a  ia-T/t- 

at 

ata*  on  aaa* 

aaa 

aa-i/t-  a  aa-i/t"  a  ia-T/t* 

21 

ttt  im.  to. 

aia 

It"  a  IT-a/t"  a  It" 

u 

taaawwiwn 

tit 
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at 

tat  Onaat  Clow 

ita 

*11.1/1"  a  t-T/t"  a  11. 1/1" 

at 

iaa  onwo  aw 

aat 

at"  a  t"  a  T.  1/1" 

u 

ltt  Onaat  lOi 

224 

M"  at"  a  t.l/1" 

at 

iaa  Onaat  Iota 

aaa 

at"  a  t"  a  t.l/1" 

ay 

"  ltt  Onaat  IO« 

aaa 

0"at"B  t.l/1" 

at 

IttOatf.  —anon 

ay"Bir.i/r'  a  it" 

ay 

I^MiAAau 

aa-i/t” a  aa-i/t-  a ia.T/a" 

30 

Equipment  Cftbimot  I* 

ll-l/l"*55-Il/lt"  *57-3/4" 

31 

XfUpmtnt  Cftbimot  n 

tl- l/t"*36-5/ 16*33- 5/ 53" 

32 

High  Pftftft  riltor  Aj  oocnbly 

33 

CkoH  Locator 

Comm  at  ft  tor  Sp&r«  Porto  Pftckod  is  Drmr  of  Cftbimot 
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FIGURE  63.  ANTENNA  HARDWARE  SHIPPING  CRATES 


TABLE  VII.  SPARE  PARTS  FOR  BEVERAGE  DF  SYSTEM 


Description _  Quantity 


Antenna  Parts 

Antenna  assemblies  on  reel  3 

Ground  rods  40 

Ground  clamps  40 

Antenna  stakes  100 

Transformer  assemblies  6 

Resistor  assemblies  6 

High  pass  filters  4 

Commutator  to  filter  cables  10 

Commutator  Parts 

Welded  Module  -  EMC 

B  flip-flop  No.  2502S  5 

Lamp  driver  No.  2516S  5 

Dual  and  gate  No.  2503  2 

Dual  OR  gate  No.  2509  2 

Schmidt  trigger  No.  2505  2 

RF  card  (two  gates  per  card)  4 

2N71  IB  transistor  25 

1N270  diode  25 

CTS  potentiometer  C140PC101A  100  ohms  2 

CTS  potentiometer  C140PC103A  10k  2 

Capacitor,  0.  005  med,  50  VDCW  10 

Capacitor,  0.05  med,  10  VDCW  10 

Resistor,  1/40W,  10  percent,  18,  000  ohm  10 

Resistor,  1/4-W,  10  percent,  22,  000  ohm  10 

Resistor,  1/4-W,  10  percent,  56,  000  ohm  10 

Transistor,  2N404A  10 
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11.  GENERAL  INSTRUCTIONS  AND  PLANNING 
FOR  BEVERAGE  SYSTEM 


The  following  notes  supplement  the  more  detailed  instructions  of 
Sections  6  and  7.  The  purpose  is  to  aid  the  establishment  of  a  plan  of  execu¬ 
tion  for  the  installation  of  and  operation  of  the  Beverage  DF  system  and  to 
provide  planning  sheets  for  the  organization  of  work  and  work  assignments. 

11.1  Basic  Instructions 


(1)  Select  and  inspect  site. 

(2)  Determine  maximum  allowable  array  diameter  for  the  site 
selected.  (Section  6.3.  1  of  instruction  manual). 

(3)  Prepare  site  (such  as  mowing,  removal  of  brush,  trees,  rock, 
etc.  )  to  the  extent  desired  (Section  6.3.1). 

(4)  Using  the  grid  sheets  furnished,  lay  out  array  specifying 
element  locations  (both  in  azimuth  and  distance  from  array 
center)  (Section  6.4). 

(5)  Set  up  work  sheet  of  tasks  to  be  done  and  assignments  in  the 
following  order: 

(a)  Locate  the  reference  radial  at  0°  or  True  North  (Section  6.  6). 

(b)  Measure  the  specified  distance  from  the  array  center  to 
'ocate  the  feedpoint  end  of  the  reference  antenna  element. 

(c)  Locate  and  drive  the  ground  rod  for  the  paint  selected 
in  (b). 

(d)  Locate  ground  rod  locations  at  the  element  feedpoint  for 
the  remaining  antennas  in  the  array  (according  to  the 
location  method  selected,  Section  6.  7). 

(e)  Install  antennas  and  feedcables  -  make  antenna  assignments 
in  a  sequential  order;  use  Table  VIII. 

(f)  Install  electronic  equipment  filters  and  filter  to  commutator 
cables. 
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(g)  Connect  AC  power  to  system. 

(h)  Operate  system  as  outlined  in  Operating  Instructions 
(Section  7). 

(i)  Check  out  and  calibrate  system  (Section  8). 

(j)  Begin  DF  Operation. 
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11.2  Operating  Instructions 


The  following  instructions  are  furnished  with  the  DF  instrumentation: 

(1)  Set  up  equipments  as  described  in  the  Instruction  Manual. 

(2)  Turn  all  individual  power  supply  switches  ON. 

(3)  Turn  GONIOMETER  DRIVE,  MAIN  POWER  and  INDICATOR 
POWER  switches  ON  (all  located  on  IP  137  Indicator). 

(4)  Turn  MASTER  AC  POWER  switch  ON  to  120V AC  position 
(Located  below  R390). 

(5)  Allow  5  to  10-minute  warmup 

(6)  Set  R390  RF  GAIN  to  minimum  (counterclockwise). 

(7)  Adjust  SPOT  SIZE  controls  for  minimum  spot  size  on  CRT 
(Controls  interact). 

(8)  Turn  COMMUTATOR  MASTER  SWITCH  AC  POWER  -  ON. 

(9)  Set  DIGITAL  BEARING  ROTATION  METHOD  switch  in 
PATTERN  SLEW  position  (See  Optional  Method  for  STROBE 
SLEW  Step  (24)1 . 

(10)  Push  STOP  and  RESET  switches  in  that  order  (Stop  and  Reset 
lamps  are  ON  -  see  note). 

(11)  Set  in  beam  size  by  pushing  one  of  BEAMFORMER  buttons. 

[Use  (fifteen)  when  in  doubt). 

(12)  Push  START  switch  (start  lamp  only  is  on). 

(13)  Commutator  running  indicator  flashes  at  a  10-cycIe/sec  rate. 

(14)  Tune  R390/URR  to  desired  frequency. 

(15)  Advance  RF  GAIN  control  until  pattern  is  displayed  on  CRT. 

(16)  Bearing  Readout  -  Option  1 

If  mechanical  CRT  alidade  is  used  go  to  Step  (21). 
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(17)  Bearing  Readout  -  Option  2 

If  digital  bearing  readout  is  used,  depress  either  CW  or  CCW 
SLEW  DIRECTION  switch  and  hold  until  CRT  pattern  rotates  to 
a  vertical  position  with  positive  deflection  upward  from  the 
center. 

(18)  Center  the  pattern  over  the  0°  marker  on  the  CRT.  Rotation 
speed  is  controlled  by  SLEW  RATE  knob  just  above  the  SLEW 
DIRECTION  controls.  Maximum  speed  is  full  clockwise. 

(19)  Read  azimuthal  angle  in  degrees  (to  0.  1  resolution)  from  the 
DIGITAL  BEARING  READOUT.  If  continued  DF  mode  opera¬ 
tion  is  desired,  return  to  Steps  (14),  (15),  (18)  and  (19) 
(mechanical  alidade  will  no  longer  give  correct  bearing). 

To  change  array  size,  return  to  Step  (10). 

(20)  To  switch  to  INTERCEPT  MODE,  Steps  (18)  through  (20)  must 
be  followed.  Depress  STOP  switch.  BEAM  boresight  will 
stop  at  the  bearing  indicated  or  the  digital  readout.  Go  to 
Step  (23). 

(21)  If  mechanical  alidade  is  used,  position  the  Mechanical  cursor 
over  the  CRT  pattern  so  that  one  of  the  engraved  lines  bisects 
the  pattern. 

(22)  Read  azimuthal  bearing  from  alidade  on  the  CRT  periphery. 
Continue  at  Step  (14). 

(23)  To  return  to  DF  mode,  depress  RESET  switch,  go  to  Step  (11) 
and  repeat  Steps  (11)  through  (21).  Exit  to  correct  intercept 
direction  is  not  possible  if  Steps  (21)  and  (22)  are  used. 

(24)  Bearing  Readout  -  Option  3 

An  optional  method  of  digital  bearing  readout  is  provided  by 
permitting  the  electronic  strobe  to  be  superimposed  over  the 
CRT  pattern  without  pattern  rotation.  To  rotate  strobe  set 
DIGITAL  BEARING  ROTATION  METHOD,  switch  in  STROBE 
SLEW  position  and  repeat  Steps  (10)  through  (15). 

(a)  A  line  is  first  coincident  with  the  0#  marker  on  the 

CRT.  Depress  the  SLEW  DIRECTION  controls  until  the 
intensified  line  (STROBE)  is  superimposed  over  the 
pattern. 
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(b)  Bisect  the  pattern  with  STROBE. 

(c)  Go  to  Steps  (19),  (20),  (23)  and  (24). 


NOTE:  The  STOP-RESET-START  switches  are 
connected  in  a  latch-up  arrangement;  therefore, 
if  a  button  is  depressed  out  of  the  above  sequence, 
the  commutator  will  not  run.  For  example,  the 
most  common  cause  is  to  push  the  RESET  before 
STOP  -  which  will  erase  the  count  from  the  ring 
counter  (COMMUTATOR  RUN  flashing  lamp  is 
out),  but  the  START  LAMP  remains  ON.  The  STOP 
button  will  not  function.  To  correct,  depress  all 
buttons  in  the  correct  sequence  ending  on  STOP. 
Return  to  Step  (9). 
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TABLE  VIII.  LAYOUT  CHART  FOR  BEVERAGE 
ANTENNA  SYSTEM 


Antenna  Spacing 
Feedpoint  Radius 
Termination  Radius 


Degrees 

Meters 

Meters 


Layout  Method 

_ Transit  and  Chain 

_ Two  Transit 

Chord  Locator 


Antenna 

Location 

Antenna 
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Commutator 
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and  Reel 
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APPENDIX  II 

ABSTRACTS  OF  REPORTS  CONCERNING  BEVERAGE  ANTENNA 
RESEARCH  AT  SOUTHWEST  RESEARCH  INSTITUTE 


CONTRACT  NOBSR-85364 
SwRI  Project  06-1081 


Interim  Report  No.  1,  15  May  1961,  D.  N.  Travers 

This  initial  report  briefly  summarizes  in  chronological  sequence  the 
important  prior  technical  events  which  led  to  this  project.  Important  litera¬ 
ture  pertinent  to  the  Beverage  antenna  or  the  wave  tilt  phenomena  l. .  the 
high  frequency  range  is  referenced. 

Site  survey  and  construction  work  on  the  large  sector  Beverage  array 
(as  proposed  in  Southwest  Research  Institute's  proposal  6-1442  of  7  November 
I960)  has  been  initiated.  This  array  will  be  constructed  in  two  stages;  the 
initial  stage  being  a  90 -degree  sector  using  300 -meter  long  antennas  separated 
2  degrees  in  azimuth  and  radiating  outward  from  an  inner  circle  radius  of 
100  meters.  The  antenna  will  be  directed  toward  the  northeast  quadrant. 

At  a  later  date,  it  is  planned  to  extend  the  antennas  to  a  length  of  400  meters. 

A  second  Beverage  array  covering  a  full  360  degrees  of  azimuth  is 
also  under  construction.  It  will  utilize  36  antennas,  120  meters  long, 
spaced  10  degrees  apart,  and  radiating  outward  from  an  inner  circle  radius 
of  80  feet.  It  is  intended  that  the  smaller  array  will  be  used  for  specific 
tests  with  a  phase  and  gain  matched  twin  channel  receiver  so  as  to  make 
possible  experiments  which  will  lead  to  a  continuous  resolution  method. 

It  is  expected  that  the  first  pattern  measurements  with  a  field 
strength  meter  will  be  conducted  before  1  June  1961  using  antennas  in  the 
360-degree  array. 


Interim  Report  No.  2,  15  June  1961,  D.  N.  Travers 

This  report  describes  survey  and  installation  work  on  two  Beverage 
arrays  which  were  briefly  mentioned  in  the  first  interim  report.  The  report 
also  includes  some  preliminary  results  of  data  accumulated  on  the  360 -degree 
Beverage  array  with  respect  to  antenna  impedance,  velocity  ratio,  and  pat¬ 
terns  for  vertical  polarization.  No  bearing  accuracy  data  are  available  as  yet. 

Site  survey  and  construction  work  on  the  360 -degree  Beverage  array 
have  been  completed.  This  array  has  been  placed  in  operation  with  a  simple 
temporary  commutating  switch  and  a  DAQ  receiver  and  indicator.  In  addition, 
measurements  of  various  parameters  have  been  made  on  a  selected  antenna 
of  this  array.  Patterns  for  difference  connections  of  two  Beverage  antennas 
have  been  measured. 


II  -  2 


Construction  of  the  large  sector  Beverage  array  is  now  under  way  and 
is  approximately  30  percent  complete.  It  is  expected  that  this  array  will  be 
placed  in  operation  around  the  first  of  August. 

Design  work  on  a  suitable  commutator  for  both  arrays  has  been 
conducted  on  two  types  of  circuits.  An  inductive  commutator  consisting  of 
ferrite  toroidal  core  stators  is  in  the  initial  stages  of  investigation.  A 
second  commutator  using  diode  switches  activated  by  a  transistorized  ring 
counter  is  also  under  construction.  Completion  of  these  commutators  is 
expected  by  November  1961.  In  the  meantime,  simplified  nonoptimum  low- 
cost  commercial  switches  are  being  used  as  test  commutators. 

Preparations  are  complete  for  initial  tests  of  three  Beverage  antennas 
with  a  phase  and  gain  matched  twin  channel  receiver.  The  current  delivery 
schedule  for  this  receiver  indicates  that  these  tests  can  be  performed  some¬ 
time  after  1  September  1961. 


Interim  Report  No,  3,  15  July  1961,  R.  E.  Cooper  and  D.  N.  Travers 

Installation  of  both  Beverage  arrays  described  in  earlier  reports  is 
now  complete.  Installation  of  receiving  equipment  for  tests  of  the  360 -degree 
Beverage  antenna  is  complete.  Installation  of  receiving  equipment  at  the  72- 
degree  sector  array  is  approximately  50  percent  complete. 

Preparations  for  pattern  and  impedance  measurements  on  the  sector 
array  areunder  way,  and  it  is  expected  that  initial  data  will  be  completed  by 
15  August.  Measurements  will  be  performed  on  azimuth  patterns  and  bearing 
accuracy  during  August  and  September. 

Design  work  on  a  suitable  commutator  lor  both  arrays  has  continued 
using  both  inductive  and  diode  switching  circuits.  Initial  test  results  have 
been  obtained  on  the  inductive  commutator.  Construction  of  the  diode 
switching  system  has  progressed  to  the  completion  of  a  36-section  ring 
counter.  Some  additional  initial  testing  has  been  performed  on  low-cost 
nonoptimum  commercial  switches. 

A  literature  survey  on  the  wave  tilt  phenomena  has  progressed  to 
the  selection  of  published  equations  which  can  be  used  to  calculate  three- 
dimensional  patterns  for  the  Beverage  antenna  which  take  into  account 
surface  waves  and  the  electrical  constants  of  the  earth.  From  these  anal¬ 
yses,  it  is  believed  that  some  qualitative  estimate  of  the  effect  of  downcoming 
angles  on  the  Beverage  antenna  can  be  obtained.  It  is  also  apparent  that 
the  same  analyses  can  yield  procedures  for  calculating  the  effective  height 
of  the  Beverage  antenna. 
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Interim  Report  No.  4,  4  November  1961,  R.  E.  Cooper  and  D.  N.  Travers 


A  skywave  bearing  test  of  the  360 -degree  Beverage  array  has  been 
completed.  Standard  deviations  between  3.  5  and  4.  3  degrees  were  obtained 
on  identified  signals  between  5  and  25  megacycles  for  a  sample  of  several 
hundred  bearings.  These  results  were  obtained  under  a  number  of  unfavor¬ 
able  equipment  conditions  including  a  very  slow  scan  rate  and  wide  spacing 
between  antennas.  In  the  future,  it  is  believed  that  the  standard  deviation 
can  be  made  to  approach  2  degrees. 

Equations  for  calculation  of  three-dimensional  patterns  for  the 
Beverage  antenna  have  been  derived.  Calculations  of  two  elevation  pat¬ 
terns  were  made. 

The  72-degree  sector  array  with  2-degree  spacing  has  been  com¬ 
pleted  including  preliminary  checks.  Measured  pattern  data  obtained 
agree  with  theoretical  calculations  for  ground  wave  propagation. 

Antenna  parameters  (transmission  line  constants  and  effective 
height)  have  been  determined  on  single  antennas  in  each  array  over  the 
frequency  range  of  5  to  25 megacycles . 

Work  on  the  inductive  commutator  has  been  postponed  in  favor  of 
a  semiconductor  diode  switch.  Development  of  this  diode  commutator  is 
about  60  percent  complete. 

A  comprehensive  technical  report  which  presents  in  detail  all 
accomplishments  of  this  program  to  date  is  now  about  50  percent  complete. 


Interim  Report  No.  5,  7  February  Y’j62,  D.  N.  Trovers  and  R.  E.  Cooper 

Investigation  of  the  Beverage  antenna  as  the  basis  of  a  wide  aperture 
high  frequency  direction  finder  has  beenunder  way  for  the  past  year.  Analy¬ 
tical  findings  and  test  results  are  presented  for  two  working  circular  arrays 
differing  in  size. 

The  first  part  of  the  current  study  has  considered  characteristics  and 
design  parameters  of  the  single  Beverage  antenna.  The  antenna  has  many 
useful  properties  for  HF  DF  including  aperiodic  impedance,  highly  directive 
azimuth  patterns,  wide  aperture  tvpe  response  and  very  low  installation 
cost  and  maintenance.  Bandwidths  greater  than  30  to  1  are  feasible. 
Effective  heights  of  10  to  1/2  meter  are  obtained  between  3  and  30  mega¬ 
cycles  with  300 -meter  long  antennas.  Elevation  patterns  have  been 
investigated  briefly. 


II-4 


The  second  part  of  the  study  considered  circular  arrays  and  methods 
of  commutation.  The  circular  array  may  be  commutated  in  several  ways, 
three  of  the  most  important  being  (1)  sequential  switching,  (2)  simplified 
Wullenweber  type  goniometer  scanning,  and  (3)  "sum  and  difference"  scan¬ 
ning  with  a  twin  channel  receiver.  The  first  method  offers  low  cost  and  good 
accuracy,  the  second  better  utilization  of  the  aperture  with  averaging  over 
a  large  area  and  a  narrower  beam.  The  third  method  offers  very  high  resolu 
tion  in  a  narrow  azimuth  sector. 

Using  the  first  method  of  simple  sequential  switching,  a  360-degree 
array  900  feet  in  diameter  (120 -meter  antennas)  when  tested  as  an  operating 
direction  finder  on  skywave  transmissions  in  the  range  of  1 .  5  to  30.0  mega¬ 
cycles  showed  standard  deviations  in  the  range  of  3.  5  to  4.0  degrees.  The 
larger  array  (300 -meter  antennas)  using  antennas  3  to  30  wavelengths  long 
in  a  72-degree  sector  when  subjected  to  testing  on  similar  signals  showed 
standard  deviations  in  the  range  of  0.96  to  1.04  degrees.  These  results 
indicate  low  horizontal  polarization  error. 

Sum  and  difference  type  scanning  was  investigated  with  about  0.05- 
degree  azimuth  resolution  obtained.  Greater  resolution  m.'y  be  obtained 
with  improved  indicating  equipment  and  a  true  twin  channel  receiver.  No 
experimentation  with  Wullenweber  scanning  has  as  yet  been  performed. 

It  is  concluded  that  the  Beverage  antenna  is  suitable  for  wide  aper¬ 
ture  high  frequency  direction  finding  with  accuracy  comparable  to  other 
types  of  wide  aperture  systems  and  at  lower  cost  than  any  other  known 
type.  For  future  consideration,  the  antenna  has  the  added  advantage  of 
being  readily  adaptable  to  hardened  sites,  since  no  vertical  elements  are 
necessary. 

Interim  Report  No.  6,  9  May  1962,  R.  E  Cooper  and  D.  N.  Travers 

Initial  phases  (ordering  of  materials,  site  survey,  etc.)  of  con¬ 
struction  of  a  minimum  land  area  360 -degree  array  of  Beverage  antennas, 

300  meters  long,  2  degrees  apart  in  azimuth,  have  been  started. 

A  time  based  linear  display,  using  a  solid  state  diode  commutator 
has  been  tested.  Under  development  is  a  simple  method  of  using  this  com¬ 
mutator  with  a  polar  display  on  the  DAQ  indicator.  A  more  extensive  develop 
ment  leading  to  a  larger,  more  accurate,  and  permanent  polar  display  has 
been  started. 


Initial  investigation  of  high  angle  of  elevation  signals  has  been  started 
using  a  mobile  transmitter.  This  transmitter  has  been  sent  out  to  distances 
of  150  miles.  Results  are  not  yet  complete. 

Work  on  extension  of  the  theory  of  the  Beverage  antenna  has  been  con¬ 
tinued  at  a  limited  rate. 


Interim  Report  No.  7,  27  July  1962,  R.  E.  Cooper,  P.  E.  Martin,  and 
D.  N.  Travers 

Classified  Abstract. 

Interim  Repor.1'  No.  8,  26  October  1962,  R.  E.  Cooper,  P.  E.  Martin, 

W.  M.  Sherrill,  and  D.  N.  Travers 

Construction  of  minimum  land  area  circular  array  of  300 -meter  long 
antennas  is  now  complete.  Extensive  electrical  measurements  are  currently 
being  made  on  this  array. 

Construction  of  the  180-section  diode  switch  commutator  display 
system  is  underway.  Construction  should  be  essentially  complete  by 
early  December. 

A  computer  program  has  been  written  which  considers  signal 
elevation  angles  and  can  calculate  resulting  patterns  for  combinations  of 
up  to  six  antennas  in  phase  and  amplitude  matched  configurations.  Results 
will  be  presented  in  a  future  report. 

The  original  360 -degree  array  of  120 -meter  long  antennas  has  been 
converted  from  36  antennas  spaced  10  degrees  apart  in  azimuth,  to  an  array 
of  180  antennas  spaced  2  degrees  apart.  Construction  is  now  complete 
except  for  lead-in  cables  and  matching  transformers  which  are  currently 
being  installed. 

Final  Development  Report,  14  June  1963,  P.  E.  Martin,  W.  M.  Sherrill, 
and  D.  N.  Travers 

The  work  that  has  been  accomplished  during  the  ninth  and  last 
interim  of  contract  NObsr-85364  has,  of  course,  been  extensions  of  some 
of  the  work  already  discussed  in  the  previous  eight  interim  reports,,  but  the 
major  efforts  were  directed  toward  these  new  tasks  above.  Consequently, 


the  research  tasks  performed  over  the  life  of  the  contract  will  be  summarized 
as  briefly  as  the  details  will  allow,  but  emphasis  will  be  on  the  results  of 
work  not  heretofore  reported.  For  those  interested  in  a  complete  detailed 
discussion  of  all  phases  of  the  research  program,  reference  should  be  made 
to  interim  reports  five,  six  and  seven.  The  preliminary  work  completed 
during  the  first  nine  months  of  the  program  is  covered  in  detail  in  the  fifth 
interim  report  dated  7  February  1962.  During  the  nine-month  period,  two 
arrays  of  Beverage  antennas  were  constructed.  One  array  covered  360 
degrees  of  azimuth  with  36  antennas,  each  112  meters  long  and  uniformly 
spaced  10  degrees  apart.  The  second  array  covered  72  degrees  of  azimuth 
with  42  antennas,  each  300  meters  long  and  uniformly  spaced  2  degrees 
apart.  Tests  to  determine  the  accuracy  of  the  indicated  bearing  were  con¬ 
ducted  on  each  array  utilizing  mechanical  commutator  switches  synchronized 
to  the  display  drive  of  a  modified  DAQ  D/ F  system.  The  computed  standard 
deviations  for  both  arrays  ( 3  to  4  degrees  for  the  112-meter  array;  1  degree 
for  the  sector  array)  were  sufficiently  good  to  show  the  feasibility  of  the  use 
of  the  Beverage  antenna  in  high  frequency  direction  finding.  At  the  conclusion 
of  these  tests,  the  300 -meter  sector  array  was  dismantled  to  permit  con¬ 
struction  of  a  full  circular  array  of  antennas .  (a-1,  b- 3,  c-1,  d-1,  e-1000, 

f-Progress  report) 


CONTRACT  NOBSR-89345 
SwRI  Project  16-1360 


Interim  Report  No.  1,  23  September  1963,  P.  E.  Martin  and  D.  N.  Travers 

Modification  of  the  AN/FRD-10  Channel  Watcher  as  a  D/F  receiver 
and  indicator  for  use  with  a  Beverage  array  and  a  180 -input  diode  commu¬ 
tator  is  now  100  percent  complete.  Plans  were  initiated  in  July  to  make 
bearing  studies  on  the  112-meter  Beverage  array  (112-meter  long  antennas 
spaced  2  degrees);  however,  a  requirement  to  use  the  commutating  system 
for  specialized  tests  outside  the  United  States  necessitated  postponement  of 
these  data.  Bearing  studies  will  be  resumed  as  soon  as  the  equipment  is 
returned  to  Southwest  Research  Institute. 

Analysis  of  results  obtained  on  the  crossed-over  array  indicate  that 
experimental  investigation  of  a  crossover  design  may  be  conveniently  carried 
out  at  the  112-meter  site  which  now  consists  of  noncrossed-over  antennas. 

This  investigation  will  be  concerned  with  methods  of  isolation  for  frequencies 
above  10  megacycles  in  the  crossover  region. 

Equations  have  been  derived  and  programmed  for  the  Institute's  digital 
computer  to  calculate  both  azimuth  and  elevation  patterns  for  various  circular 
sector  arrays  of  Beverage  antennas.  This  program  is  ready  for  use,  and  pat¬ 
terns  will  be  completed  during  the  coming  interim  period.  ^ 


Interim  Report  No.  2,  23  December  1963,  D.  N.  Travers  and  P.  E.  Martin 

The  AN/FRD-10  channel  watcher  and  the  180-input  diode  commutator 
have  been  returned  to  Southwest  Research  Institute.  Extensive  repair  and 
troubleshooting  were  required  to  return  the  system  to  reliable  operating 
condition. 

A  bearing  accuracy  test  on  the  112-meter  circular  array  of  Beverage 
antennas  with  2 -degree  element  spacing  has  been  initiated.  About  300  of  a 
proposed  1000  useful  bearings  have  been  obtained  to  date.  A  standard  deviation 
significantly  less  than  that  reported  in  1961  for  the  same  site  with  10-degree 
element  spacing  is  already  apparent. 

The  theoretical  study  of  the  Beverage  antenna(s)  supported  in  part  by 
an  experimental  program  is  continuing.  A  comprehensive  pattern  study  for 
various  electrical  and  mechanical  parameters  has  shown  that  simple  sum¬ 
mation  of  signals  from  adjacent  antennas  will  cause  a  significant  reduction 
in  the  beamwidth  and  the  polarization  error  while  providing  an  increase  in 
the  system  sensitivity. 
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Measurements  of  the  wave  tilt  angle  for  ground  wave  propagation  have 
been  completed.  In  general,  the  results  support  the  choice  of  constants  used 
in  the  theoretical  study. 

Interim  Report  No.  3A,  23  March  1964,  D.  N.  Travers,  P.  E.  Martin  and 
W.  M.  Sherrill 

Classified  Abstract, 


Interim  Report  No.  3B,  23  March  1964,  D.  N.  Travers,  et  al. 

A  detailed  analysis  is  presented  for  a  circular  array  of  Beverage  anten¬ 
nas  over  a  conducting  earth.  Equations  are  derived  for  azimuth  and  elevation 
patterns  for  any  number  of  similar  antennas  in  the  array  taken  any  number  at 
a  time,  spaced  in  any  manner,  and  summed  in  any  arbitrary  manner  with  or 
without  phasing.  Of  particular  interest  for  HF  direction  finding  applications 
are  sector  arrays  of  10  to  20  antennas  located  2  degrees  apart  and  operated 
between  1  and  40  megacycles .  Simple  summing  (nonphased)  of  typical  sector 
arrays  produces  patterns  which  have  greatly  reduced  beamwidth  compared 
to  single  element  patterns.  At  10  megacycles,  a  25-meter  long  single  element, 

1  meter  high,  has  a  3-dB  beamwidth  of  about  78  degrees,  while  a  circular 
lector  array  of  21  similar  elements  2  decrees  apart  has  a  beamwidth  of 
about  18  degrees  without  phasing.  Elevation  patterns  for  short  element, 
large  sector  arrays  show  similarly  narrow  azimuth  patterns  up  to  elevation 
angJes  of  70  degrees  at  10  megacycles  for  an  array  diameter  of  less  than 
900  feet. 

The  analysis  provides  both  ground  wave  and  sky  wave  patterns.  For 
sky  wave  pat  erns,  the  polarization  of  the  incident  field  may  be  linear  or 
elliptical  (any  condition  between  vertical  and  horizontal  polarization).  Cal¬ 
culations  show  the  sector  arrays  considered  so  far  to  have  low  polarization 
error.  Polarization  error  is  further  reduced  as  beamwidth  is  reduced. 

The  analysis  also  provides  antenna  impedance,  antenna  line  constants, 
effective  height,  wave  tilt  angle  and  various  other  parameters.  Calculated 
performance  shows  the  antennas  to  have  impedances  and  patterns  normally 
associated  with  frequency  independert  antennas.  The  results  show  that  D/F 
performance  over  a  100  to  1  frequency  range  extending  as  low  as  1. 5  mega¬ 
cycles  should  be  obtained  in  a  single  array  including  good  azimuth  patterns 
at  high  elevation  angles.  Furthermore,  the  simplicity  of  the  antenna  element 
design  permits  what  is  probably  the  lowest  cost  wide  aperture  direction  finder 
antenna  array  yet  designed  for  the  MF,  HF,  and  VHF  frequency  ranges. 


Calculated  (and  also  as  reported  in  Part  II,  measured)  effective  heights 
indicate  that  the  summed  sector  arrays  provide  an  adequate  sensitivity  with 
resulting  effective  heights  ranging  from  a  few  meters  to  the  vicinity  of  100 
meters.  Bearing  sensitivity  is  probably  as  good  as  present  day  instrumenta¬ 
tion  can  utilize  either  in  a  scanning  or  fixed  beam  mode. 

It  is  also  apparent  from  the  analysis  thjat  the  performance  of  the  antenna 
array  is  not  highly  dependent  on  a  specific  earth  conductivity  as  in  the  case  of 
some  D/F  antennas.  Reception  is  improved  by  an  increased  wave  tilt  angle 
usually  associated  with  poorly  conducting  earth.  Thus,  the  system  is  probably 
more  adaptable  to  varying  site  terrain  than  is  the  usual  D/F  system. 

This  is  Part  IV  of  a  four -part  report  and  is  concerned  primarily  with 
theory.  Part  II  is  concerned  with  system  design  and  performance  for  long 
range  HF  D/F,  while  Part  III  is  a  detailed  report  on  measured  accuracy  of 
a  900 -foot  diameter  array  of  180  antennas.  Part  I  was  submitted  in  1962. 

All  theoretical  background  material  necessary  to  the  analysis  has  been 
reproduced  in  the  Appendix. 


Interim  Report  No.  4,  1  August  1964,  D.  N.  Travers,  et  al. 

Extensive  operational  tests  and  measurements  have  been  performed  on 
a  circular  array  of  Beverage  antennas  with  the  solid  state  commutator  Both  'v 

the  antenna  array  and  the  commutator  have  been  considerably  expanded  since 
1962.  The  Beverage  antenna  array  was  expanded  from  36  to  180  elements, 

112  meters  long,  spaced  2  degrees  in  azimuth.  A  new  commutator  was 
designed  to  allow  sequential  commutation  of  180  inputs  taken  any  number  at 
a  time. 


Several  experimental  antenna  pattern  studies  have  been  made  using 
the  AN/FRD- 10(X-2)  Channel  Watcher  D/F  set  and  the  commutator.  Many 
experimental  patterns  and  related  tests  have  been  completed  and  compared 
to  theoretically  predicted  results.  Consistent  agreement  indicates  that  the 
mathematical  model  of  the  Beverage  antenna  (developed  and  discussed  in 
Part  IV,  this  report,  March  1964)  can  be  accepted  with  confidence  for  both 
azimuth  and  elevation  patterns 

The  effects  of  horizontal  polarization  upon  the  apparent  azimuthal 
angle  of  arrival  of  a  signal  have  been  investigated  in  some  detail.  The  cal¬ 
culated  results,  for  steady  state  conditions,  indicated  that  errors  of  several 
degrees  could  occur,  but  it  has  been  found  in  practice  that  polarization 
effects  are  of  a  transitory  nature  and  can  be  easily  recognized. 
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Additional  theoretical  studies  have  been  made  to  investigate  optimum 
arraying  techniques  (including  external  phasing)  for  circular  arrays  of 
Beverage  antennas  having  a  large  inner  radius  compared  to  the  element  length. 
The  results  of  these  studies  and  the  results  of  the  investigation  of  crossed 
element  minimum  land  area  arrays  have  suggested  that  the  feasibility  of 
sampling  an  array  around  its  outer  periphery  be  investigated.  Such  a  study 
will  require  some  changes  in  the  computer  program  in  order  to  obtain  proper 
integration  and  summation. 


Interim  Report  No.  5,  30  October  1964,  P,  E.  Martin  and  D.  N.  Travers 

The  fifth  interim  period  of  Contract  NObsr-89345  has  been  devoted  to 
modification  of  the  Beverage  antenna  array  by  shortening  the  180  elements  to 
a  length  of  27  meters,  modification  of  the  mathematical  model  of  the  Beverage 
system  to  include  sampling  of  the  elements  at  the  outer  terminals  and  design 
and  construction  of  a  new  solid  state  RF  commutator  with  360  inputs. 

The  program  for  the  year,  June  1964  through  May  1965,  includes: 

(1)  specification  and  construction  of  an  improved  shorter  antenna  length 
between  25  and  60  meters  for  the  frequency  range  of  2  to  30  megacycles/ 
second  which  will  allow  the  largest  phase  center  circle  to  be  maintained 
within  the  present  900 -foot  diameter  site,  (2)  the  construction  and  modifi¬ 
cation  of  the  revised  commutator  with  360  inputs,  (3)  bearing  accuracy  and 
array  pattern  measurements  of  the  newly  constructed  array  and  (4)  con¬ 
tinuation  of  the  theoretical  studies  emphasizing  sampling  of  the  antenna 
terminals  at  the  periphery  of  the  array  and  the  use  of  external  phasing. 


Interim  Report  No.  6,  31  December  1964,  P.  E.  Martin  and  D.  N.  Travers 

The  major  effort  during  the  past  quarter  has  been  devoted  to  the  con¬ 
struction  of  the  360 -input  solid  state  commutator.  The  first  of  twelve 
identical  30-input  modules  is  nearly  complete  with  the  remaining  eleven 
expected  to  be  completed  during  the  next  quarter. 

Power  dividers,  high  pass  filters  and  phase  matched  lead-in  cables 
have  been  instalh  d  at  the  antenna  site.  Testing  of  the  circular  array  of  27- 
meter  long  elements  spaced  every  2  degrees  in  azimuth  will  begin  shortly. 

Array  patterns  calculated  from  the  modified  computer  program 
(modified  to  allow  array  calculations  for  feed  points  at  the  periphery  of  the 
array)  have  been  plotted  and  show  very  little  change  from  patterns  calculated, 
using  the  same  number  and  spacing  of  elements,  for  feed  points  located  at 
the  inner  array  radius. 
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Interim  Report  No.  7,  15  April  1965,  P.  E.  Martin,  et  al. 


The  construction  of  the  360 -input  solid  state  commutator  has  con¬ 
tinued  to  require  the  major  portion  of  the  effort  during  the  past  quarter.  Six 
modules  of  30  inputs  each  and  a  master  control  unit  have  been  completed, 
tested  and  are  now  operational  at  the  Beverage  array  site.  A  pattern  study 
now  under  way,  using  two  180 -input  RF  commutators  connected  in  parallel 
to  the  inner  feed  points  of  the  array  of  27 -meter  long  elements  has  been 
primarily  devoted  to  experimenting  with  the  outputs  of  the  two  commutators 
differ entially^connected.  By  such  technique,  a  null  is  formed  in  the  azimuthal 
direction  of  arrival  of  signal.  The  results  obtained  by  the  difference  con¬ 
nection  and  inverted  null  display  are  very  encouraging,  and  it  appears  that 
a  significant  improvement  in  array  performance  can  be  obtained  on  skywave 
signals. 


Interim  Report  No.  8,  20  July  1965,  P.  E.  Martin  and  D.  N.  Travers 

Construction  of  the  digital  commutator  to  provide  capability  of  sampling 
360 -antenna  inputs  has  been  completed  including  in-line  high  pass  filters  for 
each  antenna  circuit. 

A  bearing  accuracy  test  on  the  Beverage  antenna  array  has  been 
initiated.  However,  sufficient  data  have  not  been  obtained  at  this  time  to 
enable  a  useful  analysis  to  be  performed. 


Interim  Report  No.  9,  31  January  1966,  P.  E.  Martin  and  R.  Lorenz 

This  is  the  first  interim  report  under  Contract  NObsr -89345  following 
joint  funding  by  the  U.S.  Navy  and  Army.  Prior  work  under  subject  contract 
was  funded  solely  by  the  U.S.  Navy,  while  research  for  the  U.S.  Army  was 
performed  under  Contract  DA -36 -039 -AMC -02346(E) . 

Efforts  during  the  reporting  period  have  been  directed  toward  the  con¬ 
struction  of  concentric  circular  arrays  of  Beverage  antennas,  single  element 
sensitivity  measurements,  and  commutator  improvement  and  adjustment.  In 
order  to  facilitate  the  research  during  the  contract  period,  all  Beverage  array 
activity  has  been  transferred  to  a  single  site.  Both  experimental  circular 
arrays  will  have  75-meter  elements  spaced  every  2-degrees  azimuth;  an 
interior  array  (array  A-I)  has  an  inner  feed  point  radius  of  46  meters,  while 
the  outer  array  (array  A-II)  has  an  inner  feed  point  radius  of  131  meters. 

Signal -plus -noise-to-noise  ratio  (sensitivity)  measurements  have  been 
completed  as  a  function  of  frequency  for  single  Beverage  elements  27,  50,  and 
75  meters  long  located  1.0,  0.5,  0.  1,  and  0.0  above  the  ground.  When  the 
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data  were  compared  to  similar  sensitivity  measurements  obtained  from  a 
29 -foot  vertical  monopole,  the  Beverage  elements  having  lengths  of  50  and 
75  meters  showed  significant  improvements  over  the  monopole  at  nearly  all 
frequencies.  The  most  favorable  height  of  a  Beverage  element  appears  to 
be  0.  1  meter  above  the  ground. 


Interim  Report  No.  10,  30  April  1966,  P.  E.  Martin  and  R.  Lorenz 

Construction  of  concentric  Beverage  antenna  arrays  each  having  75- 
meter  elements,  1  meter  above  the  ground,  is  complete  except  for  installa¬ 
tion  of  a  third  set  of  feet  cables.  Check  and  testing  have  been  completed  on 
the  arrays  and  the  instrumentation.  Performance  data  for  array  gain  and 
array  sensitivity  have  also  been  completed  for  the  1 -meter  element  height. 
The  improvement  in  sensitivity  as  a  function  of  consecutive  elements  used  in 
the  active  portion  of  the  array  is  extremely  good  and  easily  overcomes  the 
sensitivity  degradation  due  to  the  commutation  system.  In  addition,  over 
20 -dB  gain  in  signal  is  attained  by  the  direct  summation  (without  phasing) 
via  the  commutator  of  antenna  input  voltages  and  agrees  very  well  with 
representative  theoretical  values. 

An  AN/TRD-15  Doppler  Direction  Finder  system  has  been  received 
as  GFE  from  the  U.S.  Army  and  installed  at  the  field  site  near  the  Beverage 
array.  Testing  is  in  progress.  A  program  to  obtain  comparative  perfor¬ 
mance  data  for  both  the  Beverage  and  the  Doppler  systems  is  planned. 


Interim  Report  No.  11,  1  August  1966,  P.  E.  Martin 

The  major  effort  during  the  past  quarter  has  been  devoted  to  the 
accumulation  of  bearing  accuracy  data  on  the  Beverage  arrays  and  the 
AN/TRD-15  Doppler  array.  Approximately  3,000  bearings,  many  simul¬ 
taneous  intercepts  on  both  Beverage  and  Doppler,  have  been  obtained. 

The  large  Beverage  array  A-II  has  been  lowered  from  the  original 
1 -meter  height  above  ground  to  a  nominal  4 -inch  height.  Initial  measure¬ 
ments  indicate  an  improvement  in  performance  below  5  MHz. 

Work  has  also  begun  on  the  transportable  Beverage  array  and  support 
equipment  that  is  to  be  delivered  at  the  close  of  the  contract  period. 

Interim  Report  No.  12,  I  November  1966,  P.  E.  Martin 


The  evaluation  of  performance  of  the  two  concentric  Beverage  arrays 
is  continuing.  Over  13,  000  bearings  have  been  accumulated  on  the  Beverage 


DF  systems  and  an  AN/TRD-15  Doppler  system.  Statistical  analysis  of  the 
data  for  bearing  accuracy  as  a  function  of  array,  frequency,  distance,  etc., 
is  under  way. 

The  preparation  of  a  transportable  Beverage  array,  instrumentation, 
and  instruction  book  is  continuing.  A  rapid  erection  technique  for  the  anten¬ 
nas  and  feed  cables  has  been  developed  a.id  tested. 


Interim  Report  No.  13,  1  February  1967,  P.  E.  Martin  and  C.  Dodge 

The  preparation  of  the  transportable  Beverage  antenna  array  and  instru¬ 
mentation  is  complete  and  ready  for  delivery.  An  instruction  book  for  the 
installation,  operation  and  maintenance  of  the  transportable  system  is  being 
pr  epared. 

The  evaluation  of  performance  data  for  the  Beverage  antenna  arrays 
and  the  AN/TRD-15  Doppler  system  is  continuing.  Additional  bearing  accuracy 
data  will  be  obtained  for  the  inner  Beverage  array  A -I  which  has  been  lowered 
from  a  1 -meter  height  above  ground  to  approximately  0. 25  meter. 


Interim  Report  No.  14,  1  May  1967,  P.  E.  Martin 

The  transportable  Beverage  antenna  array,  excluding  instrumentation, 
has  been  delivered  to  the  U.S.  Army  at  Fort  Monmouth.  An  instruction  book 
for  the  installation,  operation  and  maintenance  of  the  transportable  system 
will  be  published  shortly. 

Additional  bearing  accuracy  data  have  been  obtained  for  the  inner 
Beverage  Array  A-I  at  the  new  height  above  ground  of  0.  25  meter.  Simulta¬ 
neous  intercepts  with  the  above  data  were  obtained  on  the  AN/TRD-15 
Doppler . 
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CONTRACT  DA-36-039 -AMC -02346(E) 

SwRI  Project  06-1386 

Interim  Report  No.  1,  30  September  1963,  P.  E.  Martin,  D.  N.  Travers  and 
M.  P.  Castles 


The  primary  efforts  during  the  first  quarter  of  the  contract  have  been 
devoted  to  the  acquisition  of  experimental  data  for  single  wire  Beverage  anten¬ 
nas  of  dimensions  consistent  with  contract  objectives.  Treatment  of  the  single 
Beverage  antenna  as  a  transmission  line  has  made  it  possible  to  obtain  data  for 
the  calculation  of  line  constants  for  antenna  heights  of  1  and  2  meters.  Effec¬ 
tive  height  measurements  have  also  been  initiated,  with  experimental  data 
obtained  for  antenna  lengths  of  300  and  412  meters,  and  heights  of  1,  2  and 
3  meters.  A  theoretical  effective  height  study  has  considered  antenna  lengths 
of  112,  187,  300  and  412  meters  and  heights  of  0.  7,  1,  2,  4  and  7  meters. 
Agreement  is  satisfactory,  and  it  is  believed  the  theoretical  calculations 
may  be  used  with  confidence. 

A  theoretical  pattern  study  for  both  azimuth  and  elevation  planes  for 
300 -meter  antennas  is  under  way.  The  D/F  site  for  a  circular  300 -meter 
array  has  been  cleared,  and  antenna  locations  have  been  surveyed. 

An  investigation  of  RF  gates  for  a  D/F  commutator  is  being  con¬ 
ducted  to  seek  a  device  with  an  output  relatively  free  of  control  signal 
transients.  Three  solid  state  circuits  are  being  experimentally  tested. 


Interim  Report  No.  2,  31  December  1963,  P.  E.  Martin,  D.  N.  Travers, 
M.  P.  Castles  and  R.  Lorenz 


Initial  results  of  theoretical  pattern  studies  are  presented  which  show 
trends  leading  to  optimum  designs  for  the  special  requirements  of  the  U.S. 
Army.  Sufficient  evidence  has  been  obtained  to  suggest  that  extensive  inves¬ 
tigation  of  circular  arrays  of  Beverage  antennas  with  larger  inner  radii  be 
conducted  for  the  2  to  10  megacycles/  second  range  in  the  hope  of  obtaining 
much  better  evaluation  patterns  than  have  been  thought  possible  to  date. 

Additional  results  of  the  impedance  measurements  including  mutual 
coupling  are  presented.  Some  data  obtained  are  withheld  until  the  effects  of 
a  nonoptimum  measuring  technique  can  be  evaluated  by  additional  measure¬ 
ments. 


A  push-pull  amplifier  circuit  has  been  designed  and  evaluated  for  use 
as  the  RF  switch  in  a  solid  state  commutator.  Design  of  the  commutator  logic 
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circuits  is  essentially  complete  and  construction  is  expected  to  begin  in  the 
near  future.  Performance  of  this  switch  element  circuit  is  significantly 
better  than  any  previous  commutator  switches  developed  at  this  laboratory. 

An  examination  of  the  DFG-2  deflection  circuits  has  indicated  that  a 
modification  will  be  required  to  properly  display  the  nonsymmetrical  pat¬ 
terns  obtained  from  a  circular  array  of  Beverage  antennas.  Even  with  this 
modification,  however,  recent  results  for  the  Navy  Department  research  work 
on  a  smaller  array  indicate  that  the  accuracy  of  the  system  will  be  limited 
by  the  DFG-2  instrumentation. 


Interim  Report  No.  3,  31  March  1964,  P.  E.  Martin,  D.  N.  Travers, 
M.  P.  Castles  and  R.  Lorenz 


Theoretical  pattern  studies  have  been  continued  to  investigate  Beverage 
antenna  performance  as  a  function  of  angle  of  elevation,  frequency,  array  radii 
and  ground  constants.  A  recent  comparison  of  theoretical  and  experimental 
patterns  has  shown  that  the  mathematical  model  of  the  Beverage  antenna  may 
be  accepted  with  confidence. 

Other  studies  show:  (1)  that  no  significant  reduction  in  pattern  band- 
widths  by  linear  summation  of  antenna  inputs  is  predicted  when  the  radius  of 
the  points  of  summation  is  small  compared  to  a  wavelength  and  (2)  the  effect 
of  poor  ground  conductivity  indicates  that  reasonable  performance  of  the 
frequency  band  of  2  to  32  megacycles /second  will  require  that  the  element 
lengths  be  less  than  50  meters. 

The  experimental  program  has  included  the  continued  measurement  of 
input  impedance,  mutual  impedance,  effective  height  and  the  investigation  of 
terrain  effects  at  sites  remote  from  San  Antonio.  Results  of  these  tests  show 
that  (1)  a  reasonably  flat  input  impedance  can  be  obtained  over  the  frequency 
range  of  2  to  32  megacycles/ second,  (2)  a  good  impedance  transformation  to  a 
75-ohm  line  can  be  obtained  (less  than  a  1.  15:1  mismatch  at  75  ohms)  for  the 
same  frequency  range,  (3)  the  effect  of  mutual  impedance  varies  from  1,  800 
ohms  when  two  elements  are  parallel  and  1  meter  apart  to  greater  than  7,  500 
ohms  when  the  spacing  is  5  meters,  and  (4)  little  is  to  be  gained  in  antenna 
sensitivity  from  element  heights  greater  than  2  meters  if  the  ground  con¬ 
ductivity  is  high.  An  analysis  of  data  obtained  to  investigate  terrain  effects 
cannot  be  made  until  measurement  data  are  obtained  from  other  sites. 

The  construction  of  the  300 -meter  circular  array  has  been  completed 
and  testing  has  begun.  A  very  limited  pattern  study  has  indicated  that 
reasonable  patterns  can  be  obtained  over  the  frequencies  of  2  to  27  megacycles/ 
second. 
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The  construction  of  the  180 -stage  solid  state  commutator  is  proceeding 
on  schedule.  Interim  testing  of  the  ring  counter  and  the  RF  amplifier -gates  is 
under  way.  Results  to  date  do  not  show  any  departure  from  the  expected 
performance. 


Final  Progress  Report,  30  September  1964,  P.  E.  Martin,  D.  N.  Travers, 
M.  P.  Castles  and  R.  Lorenz 


A  1 -year  program  has  been  completed  on  the  use  of  the  Beverage 
antenna  in  direction  finding  and  intercept  systems  for  specialized  U.S.  Army 
requirements  in  the  frequency  range  of  1 . 5  to  30 megacycles/ second.  Perfor¬ 
mance  has  been  emphasized  for  sky  wave  signals,  and  particularly  from  trans¬ 
mitting  sources  50  to  300  miles  away.  Antenna  attenuation  constant,  velocity 
ratio,  impedance  and  effective  height  have  been  experimentally  measured  and 
theoretically  determined  versus  frequency,  antenna  height,  length  and  the 
ground  constants.  Sufficiently  good  experimental  and  theoretical  agreement 
has  been  obtained  to  permit  acceptance  of  an  existing  theoretical  model  of  the 
Beverage  array  which  is  well  suited  for  further  investigation  of  modes  of 
operation  not  easily  or  cheaply  investigated  experimentally. 

Experiments  show  an  element  height  of  2  meters  or  lower  is  optimum 
for  the  3  to  lOmegacycles/second  range.  Still  lower  element  heights  (on  the 
order  of  0.5  meter)  are  probably  optimum  when  the  antenna  is  short.  Tests 
with  ground  wave  signals  from  a  local  target  transmitter  have  indicated  that  an 
element  should  be  at  least  one -half  wavelength  long  to  obtain  unidirectional  patterns 
but  no  longer  than  one  wavelength  to  maintain  Bignal  sensitivity  at  high  elevation  angles. 

A  sequentially  operated  solid  state  180 -antenna  input  commutator  has 
been  designed,  constructed  and  operated  successfully.  A  new  low  level  RF 
switch  design  has  overcome  disadvantages  of  a  previously  developed  switch 
made  for  the  U.S.  Navy.  Linear  summation  of  antenna  inputs  can  now  be 
accomplished  without  insertion  loss  and  with  pedestalless,  almost  transient 
free,  operation. 

Theoretical  calculations  show  that  external  phasing  of  individual  elements 
will  produce  narrow  azimuth  plane  radiation  patterns  relative  to  simple  non- 
phased  summing.  Furthermore,  it  appears  possible  to  approximate  optimum 
phasing,  by  a  simple  schema  that  could  be  accomplished  with  two  solid  state 
sequential  commutators  of  the  type  now  in  use. 

Two  circular  arrays,  the  first  consisting  of  300 -meter  long  elements 
on  a  25 -meter  feedpoint  radius,  and  the  Becond  27 -meter  long  elements  on  a 
109 -meter  feedpoint  radius,  each  with  elements  spaced  2  degrees  in  azimuth. 
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have  been  tested.  Statistical  analysis  has  been  completed  on  bearing  data  for 
the  two  arrays,  for  both  short  and  long  range  signals.  Tests  on  the  short  27- 
meter  long  elements,  with  signals  originating  50  to  100  miles  from  the  D/F, 
show  directional  patterns  on  sky  waves  arriving  at  elevation  angles  between 
65  and  80  degrees. 
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APPENDIX  HI 

DIGITAL  COMPUTER  PROGRAM  FOR  CALCULATION  OF  GREAT 
CIRCLE  BEARING  AND  DISTANCE  BETWEEN 
TARGET  AND  DF  SITE 


See  Reference  3,  List  of  References 


The  equations  for  great  circle  bearing  and  distance  have  been  pro¬ 
grammed  for  digital  computation  as  shown  in  the  simplified  block  diagram. 

For  the  great  circle  bearing  of  B  with  respect  to  A,  the  angle  0 ^ 
given  by 


0A  =  cot-1- - -  *  [X  -  Yl 

A  j_2  cos  Lg  , 

where 

X  =  sin  (La  +  Lg)  •  tan(D/2) 

Y  -  sin<LA  -  LB) 
tan  (D/2) 

La  =  Latitude  of  A 
Lg  =  Latitude  of  B 

D  =  Difference  in  longitudes  (D  <  180*) 

Since  D  <  180*,  that  is,  0A  is  the  short  route  bearing,  then  0A  comes 
out  either  East  or  West  of  North.  Since  the  angles  (LA  +  Lg)  and  (LA  -  Lg) 
are  less  than  180*.  the  signs  of  X  and  Y  are  the  signs  of  sin  (La  +  Lg)  and 
sin  (La  -  Lg). 


By  allowing  X  and  Y  to  be  determined  as  above,  the  angle  0A  is 
obtained  as  a  positive  angle  less  than  90s  which  is  measured  E  or  W  of  North 
for  (X  -  Y)  positive,  and  E  or  W  of  S  for  (X  -  Y)  negative.  This  convention 
determines  the  quadrant  of  the  true  bearing  which  is  then  expressed  as  an 
azimuth  angle  on  the  basis  of  360*. 


The  great  circle  distance  (d)  in  degrees  is  calculated  by 


sin1 

cos 


2  |  =  MZ  +  N2 


/ 


l 


in-2 


where 


cos 

M  =  sin  (LM)  «in(D/2) 

N  (LN>cos<D/2> 

ln  -| 

lM  = 

The  upper  alternative  is  chosen  for  L^j  +  45*  >  Ljsj  +  D/2,  the  lower 
for  Lm  +  45*  <  Ln  +  D/2. 

The  following  coordinate  signs  conventions  are  adopted: 

N  Latitude  is  a  positive  angle  with  respect  to  the  Equator. 

S  Latitude  is  a  negative  angle  with  respect  to  the  Equator. 

E  Longitude  is  a  negative  angle  with  respect  to  the  prime  meridian. 
W  Longitude  is  a  positive  angle  with  respect  to  the  prime  meridian. 

i 

The  application  of  these  conventions  and  the  other  Millingtdn  (3)  con 
ventions  is  seen  from  consideration  of  the  program  block  diagram. 


lA  ~  lB 
2 

LA  +  LB 
2 


III- 3 


COMPUTER  PROGRAM  FOR  TRUE  BEARING  CALCULATIONS 

HI-* 


* 


•  GREAT  CIRCLE*  PROGRAM 

DIMENSION  K(l6)  _  .. 

1  FORMAT  (lHl,15X,53HGPEAT  CIRCLE  GEARING  AND  DISTANCE  FROM  D/F  SITE 

1  TO  ) 

2  FORMAT  ( 16 A4 ) 

3  FORMAT  ( 6F10  « 3 ) 

4  FORMAT  (lH0»MX,12HTRUfc  BEARING) 

5  FORMAT  <19H  DECIMAL  DEGREES  *  ,Fl5.8,l?H  DEGREES  •  ,  I5#13H  MIN 
1UTES  ■  *  1 5 # 13h  SECONDS  ■  ,15) 

6  FORMAT  (1H0,40X,21HGREAT  CIRCLE  DISTANCE) 

6  FORMAT ( 15H  LATITUDE  NORTH, 25X.14HLONGITUDE  WEST) 

40  FORMAT  (3F10 .3,lOX,3FlO  ,3) 

7  FORMAT ( 11H  DeGREES  •  ,I5,13M  MINUTES  ■  ,I5,t3H  SECONDS  •  , 

113/  11H  MILES  ■  ,F15.8,17H  KILOM’TERS  ■  ,F15,8»20H  NAUTICAL 

2  MILES  ■  , F15 , 8// ) 

100  FORMAT  (16A4,2X, I6,1X,F7,1) 

C  SWRl  SITE  IN  SA  98  DEGREES  37  MINUTES  14  SECONDS  WEST  LONGITUDE 
C  29  DEGREES  26  MINUTES  10  SECONDS  NORTH  LATITUDE 
CALL  PAGE  (-1) 

DEG-57, 295779 
RAO-0, 0174533 
PI-3,1415926536 

read  3,  dloa#alom,sloa,ola,alm,sla 
AL-DLA*ALM/60,0*SL a/360  0,0 
ALO-DLOA*ALOM/60 ,0*SLOA/360Q ,  0 
3LO-180 , 0* ALO 
AL-AL-RAD 
ALO-ALO-RAD 
SLO-SLO-RAD 
9  PRINT  1 

41  CALL  PAGE  (12) 

READ  2,  K 

10  PRINT  2,  K 
PRINT  8 

READ  3,  BL0D,BL0M,8L0S,GLD,BLH.BLS 

PRINT  40,  BLD.BLM.BLS.BLOO.BLOM.BLOS 

BL-BLD*BLM/60 , 0*BLS/3600 , 0 

BLU-6LOD*BLOm/60.0*BLOS/3600, 0 

BL*  BL-RAD 

BLI'-BLO-RAD 

I-L 

B-1,0 

Crl,0 


2 

3 

5 

6 


9 


11 


13 


14 

15 

16 

21 

22 

24 

25 

26 

27 

28 
30 


32 

33 

34 

35 

36 


38 


IF  <8L0)  11,11,13  39 

11  IT  <SLO*BLO>  12,12,13  40 

12  !»1  41 

13  OaALO-BLO  42 

14  IF  (0)  15,16,16  43 

15  D«-D  44 

I«1  43 

16  IF  (D-P!)  16,18,17  46 

17  D«2,0*PI-D  47 

00  TO  14  46 

18  TAN«SINF ( 0/2, 0 )/C0SF (0/2,0)  49 

XLaAL*BL  50 

19  IF  ( ABSF< XL) *P 1/2,0)  23,23,20  Si 

20  IF  (XL)  21.22,22  52 

21  B«-1,0  53 

22  XL«PI-AB5F(XL)  54 

00  TO  19  55 

23  X*B*SInF(XL)*TAn  56 

VLaAL~BL  57 

24  IF  (ABSF(YL)-PI/2.0)  26,26,25  51 

25  YLbPI-ABSF<YU  59 

Ca-l»C 

GO  TO  24  61 

26  YaC*SlNF(YL)/TAN  62 

TBaATANF(2,0«COSFfSL)/(X-Y))  63 

IF  <TB)  27,26,28  64 

27  TBa-TB  65 

28  IF  (I)  32,29,32  66 

29  IF  CX-Y)  31,30,30  67 

30  TBaTBaDEfl  68 

80  TO  35  69 

31  T8a(PI-TB)*0k0  70 

80  TO  33  71 

32  IF  (X-Y)  34,33.33  72 

S3  T8a(2,0*»I-TB)*0EO  73 

80  TO  35  74 

14  T|i<PUT8)aOEG  75 

39  HMaABSF ( ( AL+^l )/2, 0 )  76 

NNaA8SF((AL-BL)/2.0)  77 

SaHMaPl/4,0  78 

TaHNaD/2,0  79 

IF  <S»T)  37,36.36  80 

38  FaCOSF (HM)*SlNF(D/2, 0 )  61 

0a8INF (HN)*C0$F (D/2, 0 )  02 

SIaF*a2*8*a2  03 

DISa2.O*ATANF(SORTF(Sl)/S30Tr<l,O-fl))aOE0  84 

80  TO  38  85 

17  ratINF(HM)*C0SF(0/2,0)  66 

0aCOIF(HN)aS INF (0/2,0)  87 

C0aF*af*8a#2  88 

D18a2, 0*ATANF(S0NTF(1, 0*C0)/SQNTF( CO) )«0E8  89 

38  MINT  4  90 

l"T8  91 

FH|a(Ti»L)*60 , 0  92 

NIN«FHI  93 

8iC*(FMl-HIN)*60,0  94 

IlafEC  1  95 

P8INT  9#  TB.L.HIN.IS  96 

P0INT  6  97 

IOaO!S  90 

FNW«(DIS*1D)*60,0  99 

MNafMN  100 

.'*''4  *7  f  a  Vi  ,  i  V v  .  '  ,  "  "  v  '•  ••  f?  ■  .  ’  *  ,1  V 


eT  V'.f  .  si 


teV  3  4  * 


’  n  >\  «  •  .:'  '  ‘V*  ^  Xi  ;■■,  -  ^  -  *7***! 

>;5  y^. 


’v  *-  ?»i  v  4**fe*£  j 
1  fi^  1 


,./■  *  .  ;  ^ 


SC«(FHN-HN)*60.D 

JS«SC 

«K*D1S»U1,1 

SM«DIS*69.1 

RN«DIS*60.0 

PRINT  7 «  ID.in.jS.Sm.RK.Rn 
ISm*SM*0 .5 
PUNCH  100*  K« ISm*TB 
PUNCH  100*  K < ISm.TB 
00  TO  41 
39  CONTINUE 
END 

SUBROUTINE  PAGE  (*> 

MiNEGaTIVE  TO  INITIALIZE*  ZERO  TO  FORCE  PAGE  .POSITIVE  INTEGER 

6  FORMAT ( 2H  ,) 

7  FORMAT  <5X.  SHPaOE  .12/  INI/////) 

IF(M)1.5.3 

1  LC  >0 
N  «1 
RETURN 

3  IF(LC*M"55)4.4.5 

4  LC  ”LC«M 
RETURN 

5  K«33-LC 

DO  23  I  *1  *  K 
PRINT  6 
23  CONTINUE 
PRINT  7* N 
N»N*1 
LC-0 
GO  TO  3 
END 


*1.0  37,0  14.0  29.0  24,0  10.0 


101 

102 

103 

104 

105 


106 

109 


1 

r 
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A  program  for  the  CDC  3600  digital  computer  has  been  written  to 
calculate  the  various  statistical  parameters  used  to  describe  the  accuracy 
of  the  direction  finder  system.*  The  purpose  of  the  program  is  to  analyze 
observed  bearing  data  by  calculating  the  error  for  each  observed  bearing. 

This  error  is  then  sorted  into  an  appropriate  error  range  so  that  a  histogram 
frequency  distribution  of  number  of  errors  versus  error  range  is  obtained. 

The  observed  bearing  may  also  be  accompanied  by  a  calibration  factor 
which  removes  instrumental  errors.  Therefore,  calculations  of  the  error 
distribution  including  uncalibrated  and  calibrated  observed  data  are  available. 

The  program  consists  essentially  of  two  calculations,  the  bearing  error 
and  the  statistical  parameters.  The  error  (?)  for  each  bearing  is  calculated 
according  to  the  formula 

e  =  OB  -  TB  (no  calibration) 

€  =  OB  -  TB  -  CAL 

where 


OB  =  observed  bearing 

TB  =  true  bearing  ^ 

CAL  =  instrument  calibration  factor  (not  available  for  AN/TRD>4A 
system  at  this  time) 

The  computer  accumulates  the  number  of  bearings  with  errors  falling  within 
given  error  limits  to  establish  the  frequency  of  error  distribution  for  some 
maximum  or  minimum  limits  (±  a  specified  number  of  degrees)  on  either 
iide  of  the  true  bearing.  The  desired  sorting  increment  is  also  prescribed 
in  the  program  input  so  that  the  error  is  assigned  to  an  appropriate  range 
within  the  distribution  limits.  If  the  error  is  greater  than  the  distribution 
limits  in  absolute  value,  it  is  possible  to  disregard  the  information  producing 
the  error  and  to  calculate  the  statistical  parameters  with  wild  bearings  thrown 
out. 


The  statistical  parameters  calculated  for  the  error  distribution  are 
(1)  the  sample  size  N,  (2)  the  average  error  e,  given  by 


w 


*A  complete  description  of  the  statistical  program  is  given  in  Reference  3  in  the 
List  of  References. 
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(3)  the  sample  variance 


->  _  nc2 

*  N  -  1 


(4)  the  standard  deviation 

<r 


(5)  the  95-percent  confidence  limits 

1.  96o- 

(6)  the  probable  error 

PE  =  0.  6745  c- 

These  parameters  are  tabulated  in  the  program  output  followed  by  the  frequency 
of  error  distribution  at  the  increments  specified  within  the  Maximum *minimum 
limits.  The  first  distribution  is  an  unmodified  distribution  which  includes 
all  the  data  read  from  the  input  cards  including  those  data  which  exceeded  the 
distribution  limits.  The  distribution  print  includes  the  error  range  (error 
increment),  number  of  bearings  obtained  within  that  range,  the  percent  of 
the  total  events  for  that  range  and  the  cumulative  percentage. 

A  second  distribution  is  the  modified  distribution  which  includes  only 
that  data  falling  between  the  error  limits  specified. 

The  output  data  from  the  computer  are  sufficient  to  statistically 
analyze  the  D/F  system  accuracy.  Data  describing  the  accuracies  of  the 
Beverage  DF  System  and  theAN/TRD-15  are  included  in  Volume  II  to  this 
report. 
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c 

c 


bearing  statistics 


DIMENSION  C( 2000  > «  CC ( 20  0  0  )  *  D(1000),  K<10) 

1  FORMAT  (1H1.24HBEARING  ERROR  STATISTICS*/) 

2  FORMAT  (1HO»3SHFREOUENCY  DISTRIBUTION  ERROR  LIMITS,/) 

3  FORMAT  (214) 

4  FORMAT  (3F7, 3,212) 

9  FORMAT  (2(2X,F5,l),2X,I4,2X,r5.1,53*> 

6  FORMAT  (1H  ,14HMAX!MUM  £RRORa.F7.3,14HMlNIMUM  ERROR* , F7 , 3. 10HB I N  M 
1IDTH*,F7,3,/,/) 

7  FORMAT  (1H  ,U1HUnCaLI8RATED  DaTa  •  SAMPLE  SIZE  MEAN  ERROR  VARlA 
IN'CE  STANDARD  DEVIATION  PROBLEM  ERROR  95  PERCENT  CONFIDENCE) 

8  FORMAT  (1H  ,24X, 19, 9 < X, E19 , 8 ) ) 

9  FORMAT  (1H  , 109HCAL IBRATED  DATA  •  SAMPLE  SIZE  MEAN  ERROR  VARIANC 
IE  STANDARD  DEVIATION  PROBLEM  ERROR  99  PERCENT  CONFIDENCE) 

10  FORMAT  (1H  ,22X, 15, 9<X, 615,0)  ) 

11  FORMAT  <1H  ,22HFRE0UENCV  DISTRIBUTION) 

12  format  (1H  , 26HuNC*L IBRATED, DATA  CM!NUS*,E16.8,AHNCMIN*«E10,B,6HC 
1PLUS*,E16,6,7HNCPLUS*,616,8) 

13  FORMAT  (1H  ,24HCALIBRATED  DATA  CM INU9», El6 , 0, 6HNCM INa , E16, 0, 6HCPL 
lUSa,El6,8,7HVCPLUS*,El6,8) 

14  FORMAT  (1H  , 82HUNCAL IBRATED  DATA  ERROR  NUMBER  EVENTS  P 

1ERC6NT  EVENTS  TOTaL  PERCENT) 

15  FORMAT  (1H  ,33X,F7.3,7X,El6.6.4X,El6,B) 

69  FORMAT ( 1H  ,1QX.F12.5) 

16  FORMAT  (1H  ,80HCAlIBRaTED  DATA  ERROR  NUMBER  EVENTS  PER 

1CENT  EVENTS  TOTAL  PERCENT) 

17  FORMAT  (1H  ,31X,F7.3.7X,E16,6,4X,E16,8) 

70  FORMATllH  ,  3X.F12.3) 

18  FORMAT  (1H0,17HCALL  DISTRIBUTION,/) 

19  FORMAT  (1H  , 28H  CALL  NUMBER  OF  EVENTS) 

20  FORMAT  (1H  , 2X » 1 5 , 12X , F7 « 1 ) 

21  FORMAT  (1H  ,23HTHE  COMPLETE  STATISTICS) 

22  FORMAT  (1H1,92HM0DIFIED  DISTRIBUTION  WITH  CMJN  AND  CPLUS  ELIMINATE 
ID) 

63  FORMAT  (14) 

68  FORMAT  (10AB) 

71  FORMAT  (1H0.10AS) 

64  WRITE  (61,1) 

66  READ  (60,3)  LC.LD 

67  REAO  (60,4)  ERmaX,ERm!n.OEL,LCALO,MOD 
READ  (60,68)  K 

WRITE  ( 61, 71 ) K 
WRITE  (61,2) 

WRITE  (61,6)  ERMAX,ERMlN,DEL 
LHa(ERMAX-ER4IN>/D6L 

CHNCPCMCaCPNCaCPCaEMNcaEPNC*EMC*EPCPMSONCaPSQNC*MSOCaPBOCp8UMNCPO 

SUMCPSONCaSOCaRaO 

NPO 

DO  23  Mal,LC 

C(M)*0 

CC(M)«0 

23  CONTINUE 

DO  24  LC*l,LO 
D  ( L  C )  •  0 

24  CONTINUE 

25  READ  (60,9)  T8,0B,NCAlL,Cal1B 

IF  ( TB-400 )  26,38,30 

26  D(NCALL)*D(NCALL)«1 
NrN*l 

NCpN 


1 

2 

3 

4 
9 
6 

7 

8 
9 

10 

11 

12 

13 

14 
19 
16 
17 
10 

19 

20 
21 
22 

23 

24 
24A 

29 

26 

27 

27A 

20 

29 

30 

31 

32 
32A 
328 
32C 
36A 

33 
39 

36 
37A 
378 

34 

37 

38 

39 

40 

41 

42 

43 

44 
49 

46 

47 

48 

49 


i 


t 


91 

92  ^ 
93A 
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NNC«»  530 
ER*iC«09»TB  53 
ERRC«ERNC-CAI.I8  54 
£UMNC«SJmnC*£RNC  55 
SUMCaSUNOER*C  56 
5QNCaS0NC*ERYC**2  57 
SBCBSQC*ERRC**2  56 
YNCaYCaERMlN  59 
IF  (ERNC-YNC)  28,27,29  60 


27  C(l)iC(l)M 
00  TO  32 

*  26  CMNCaCMNOl 

EHNCaEPNOER^C 
MS0NC«HSQNC*tRNC**2 
00  TO  32 

29  H*(ERNC-ERMAX)/DEL 

Kl ua I  u 

1 F  (M-LH)  30,30.31 

30  C(M)aC(H)*t 
00  TO  32 

31  CPNCaCPNOl 
EPNCaEPNOER  '‘C 
PS0NCapS0NC*tRNC**2 

32  IF  (ERRC-YC)  34,33*35 

33  CC( 1 )aCC ( 1 ) ♦ 1 
00  TO  25 

34  CRCaCMOl 
ehc»emc*errc 

HSQCaHSOOERRC**2 
00  TO  25 

35  Ha(ERRC-ERHAX)/DEL 
Rbh*LH 

*  IF  (M-LH)  36,36,37 

36  CC ( M ) »CC ( M ) *1 
00  TO  25 

v  37  CPCaCPOl 

J  iPCaEPC*ERRC 

PIQCapS0C«ERRC*a2 
00  TO  25 

30  AfRNCaOUMNC/NNC 

39  AKRRCaOUMC/NC 

VARNCa(S0NC-NNC*AERNC*a2)/(NNC-lJ 

VARC«CSOC-RC*AERRC**2)/(NC-l) 

IDNCafoRTF ( V ARNC ) 

OOCaOORTF(VARC) 

PENCa0.6745*SDNC 
PiC«0, 6745*000 
C0FNC-1,96*SDNC 
C0NFCai,96*8DC 
IF  (LCALO-IO)  40,41,42 

40  MRITE  (61,7) 

WRITE  (61,6)  NNC»AERNC*VARRC,SDNC,PENC,C0FNC 
00  TO  43 

41  WRITE  (61,7) 

WRITE  (61,8)  NNC, AERNC# VARNC*SDNC»Pf NCjCOFNC 

42  WRITE  (61,9) 

WRITE  (61,10>RC,AERRC,VARC,SDC,PEC,CONFC 

*  43  WRITE  (61,11) 

FCHNCeCHNC/N 

FCPNCaCPNC/N 

FC»?CaCRC/N 

FCPCaCPC/N 


61 

62 

63 


64 

65 

66 
67 
66 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 


79 

80 
61 
82 
63 

65 

06 

07 

00 

69 

9t 


A 

96 

97 
90 
99 

100 

101 

‘165 

106 

107 

106 

109 

110 
:n 
112 
113 
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rr.v 


r* 
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IF  (LCALO-10)  44*45,46  114 

44  WRITE  <61,12)  CmWC.FCmNC.  f,PNC.FCPNC  115 

00  TO  47  116 

45  WRITE  (61,12)  CMNC.FCmNC.CPNC.FCPNC  117 

46  WRITE  (61,13)  ChC,FCMC,CPC,FCPC  118 

47  IF  (LCALO-10)  48,48,51  119 

48  WRITE  (61,14)  120 

N«1  121 

AJ*NC«100*FCMNC  122 

49  Y«6RNlN*<M-l)*DfcL  123 

PCNCal00*C(H>/N*C  124 

APNCaAPNC*PC\C  125 

WRITE  (61,69)  Y  126A 

WRITE  (61,15)  C(*)»PCYC,aPNC  126 

MM41  127 

IF  (M-l-LH)  49,49,50  128 

50  IF  (LCALO-10)  53,51,51  129 

51  WRITE  (61,16)  130 

Mai  131 

APC«100*FCMC  132 

52  YCaERM|N«(H-l)*0EL  133 

PCC*100*CC ( M )/NC  134 

APC*APC*PCC  135 

WRITE  (61.70)  YC  136 A 

WRITE  (61,17)  CC(«),PCC,APC  136 

MaM*l  137 

IF  (M-l-LH)  52,52,53  138 

53  IF  (8)  59,54,59  139 

54  WRITE  (61,18)  140 

WRITE  (61,19)  141 

NCALLal  142 

55  IF  (D(NCALL) )  57,57,56  143 
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IS  ABSTRACT 


Four  years  of  research  and  development  concerning  the  use  of  the 
Beverage  antenna  for  high  frequency  radio  direction  finding  are  summarized  in 
this  two-volume  final  report.  Volume  I  concerns  all  design  details. 

Bearing  accuracy  tests  on  iieveral  configurations  of  circular  arrays  of  75-meter 
long  elements  are  described  in  Volume  II.  A  computer  programmed  general 
theory  of  the  Beverage  antenna  has  been  completed  to  calculate  azimuth  and 
elevation  element  and  array  patterns  as  a  function  of  antenna  length,  height 
above  ground,  array  size,  frequency,  earth  constants,  phasing  and  many  other 
parameters.  Verifying  experimental  measurements  are  also  reported.  The 
development  of  a  Wullenweber-type  scan  digital  commutator  to  permit  extreme 
flexibility  In  arraying  of  any  number  of  Beverage  antennas  with  any  array 
spacing  has  been  completed.  The  present  digital  commutator  design  has  demon¬ 
strated  reduction  in  switching  transients  below  system  noise  levels,  good  element 
to  element  isolation,  satisfactory  gain  in  each  antenna  circuit,  and  predicted  array 
gains.  Design  details  for  an  electronic  digital  commutator  (no  rotating  parts) 
have  been  completed.  The  present  design  is  a  suitable  basis  for  control  and 
programming  by  digital  computer  in  a  real  time  adaptive  system.  Research 
results  have  shown  the  value  of  Beverage  antennas  as  a  low  cost  element  in 
wideband  circular  wide  aperture  HT  DF  arrays  over  soils  of  relatively  either 
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an  endfire  unidirectional  aperiodic  pattern  throughout  the  1  to  30 -MHz  range. 
The  input  impedance,  almost  totally  resistive  and  uniformly  flat  over  the 
frequency  range  of  interest,  can  be  easily  transformed  to  any  standard  feed 
cable  impedance  with  a  standing  wave  ratio  of  less  than  1.25/1.  Anten^ \ 
dimensions  need  not  exceed  one  wavelength  long  or  one  meter  above  ground. 
For  a  fixed  size  array,  reduced  beamwidth  and  increased  sensitivity  is 
obtained  with  short  antennas  and  a  large  feedpoint  radius  rather  than  long 
antennas  with  a  short  feedpoint  radius.  Evaluation  of  the  antenna  in  direction 
finder  performance  using  circular  arrays  including  simultaneous  comparison 
with  an  AN/TRD-15  Doppler  system  is  reported.  Bearing  accuracy  tests 
show  performance  comparable  to  the  AN/TRD-15  in  that,  attirnei;,  one  system 
then  the  other  exhibited  more  favorable  accuracy  performance.  Standard 
deviations  obtained  in  certain  samples  were  below  2*,  bu';  most  were  in  the 
range  of  2*  to  3*  with  a  few  higher  consistent  with  previous  repo:unj  .  DF 
bearing  sensitivities  exceed  that  of  the  AN/TRD-15.  Delivery  of  the  developed 
transportable  Beverage  direction  finder  to  the  U.  S.  Army  including  instruction 
and  maintenance  manual  is  reported. 
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